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INTRODUCING THE CONTRIBUTORS 


J. D. Bernat (“Science Teaching in 
General Education”) is professor of physics 
at the University of London, and before 
assuming his present position he was as- 
sistant director of research in crystallog- 
raphy at Cambridge University. He is well 
known in this country not only as a re- 
search physicist but also as an author writ- 
ing on the social aspects of science. His 
book, The Social Function of Science, has 
been widely read and quoted. 

W. HucGu Sticker (“Social Implica- 
tion of the Introduction of Atomic En- 
ergy’’) is instructor in biology at Stephens 
College, Columbia, Missouri. He was 
closely identified with the development of 
the atomic bomb, through his experience 
as division technical supervisor and assist- 
ant department superintendent at the Ten- 
nessee Eastman Corporation at Oak Ridge, 
Tennessee. The manuscript which he has 
contributed was the copy of a_ speech 
before the faculty of Stephens College. 

H. Emmett Brown (“The Influence of 
World Events on Science Experiences in 
the Elementary School”) was at the Lin- 
coln School of Teachers College, Columbia 
University, for a number of years before 
takitig up his present duties as head of the 
science department at the Buffalo State 
Teachers College. The paper that Dr. 
Brown contributes is a slightly modified 
version of a speech he delivered in May 
to the Conference on the Elementary 
School Curriculum held at Buffalo, 

Joun S. RicHaArpson (“Some Problems 


in the Education of Science Teachers” ) 
was introduced in the last issue as editor 
of the Department of Teaching Reports. 

Epwarp F. Potruorr (“The Use of 
Demonstrations in Science Teaching”) has 
the dual responsibility of teaching educa- 
tional psychology and of serving as edu- 
cational consultant to the staff members 
of the University of Illinois. 

SHAILER PETERSON (“The Evaluation of 
a One-Year Course, the Fusion of Physics 
and Chemistry, with other Physical Science 
Courses”) is an assistant professor in the 
Department of Education at the University 
of Chicago. Among his varied activities 
are Research Adviser and Consultant for 
the Extension Division of the United 
States Department of Agriculture, and Di- 
rector of Educational Research for the 
Council on Dental Education of the Ameri- 
can Dental Association, as well as Coordi- 
nator of the Indian Education Evaluation 
Project, and professor in charge of the test- 
ing project in the University Medical 
School, at the University of Chicago. 

Oreon Keestar (“ The Elements of 
Scientific Method”) contributed to the 


‘October issue, and was introduced to our 


readers at that time. 

Dr. Ray Lampert (‘Air Resistance 
and Streamlining”) is a teacher of physics 
at the Walnut Hills High School in Cin- 
cinnati, Ohio. He is chairman of the Com- 
mittee on Aeronautics which has studied 
the curricular offerings in that field and 
prepared a bulletin for the city schools. 


On account of other responsibilities, it has become necessary to resign as Editor 
of Science Epucation. The New Volume, which begins with the February issue, 


will be under the editorship of Dr. C. M. Pruitt. 


For myself and for those who 


have been associated with me, I extend to Dr. Pruitt best wishes for success. 


S. R. Powers. 
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SCIENCE TEACHING IN GENERAL EDUCATION’ 


J. D. Bernat 
Birkbeck College, University of London 


NE of the most welcome features of the 
O educational movement in America is 
the interest that is being taken in the ob- 
jects of education. The basic question of 
why we are educating children at all has 
to be answered in the process of finding 
the most effective educational methods. 
The search for objectives has been made 
necessary by the emergence of two impor- 
tant developments ; one is the policy of edu- 
cating the majority of the population up 
to late adolescence, and the other is the 
growth of the field of science. Science has 
so developed that it can no longer be con- 
sidered as a mere adjunct to a general hu- 
mane education, but rather must take its 
place at the center of any educational 
scheme. The old methods of teaching, with 
their formal approach, and their rigid sepa- 
ration between science and the humanities, 
are plainly incompetent to deal with these 
developments. The attempt to apply them 
results in parrot-like learning, in a stifling 
of intelligence and criticism, and in the pro- 
duction of individuals who know so little 
of the major factors affecting their lives 
that they are more at the mercy of dema- 


1 This manuscript was prepared by Dr. Bernal 
as a summary with some elaborations of points 
he had presented in a round table on the social 
functions of science. It was printed first in 


Science and Society, Vol. iv, no. 1, and is re- 
printed here by permission, with minor revisions 
by Dr. Bernal. 


gogues and quacks than an illiterate popula- 
tion. And these tendencies can no longer 
be dismissed as harmless. We have seen 
in the last few years that a people such 
as the Germans, who have received the 
best education on traditional lines, can be- 
come more of a danger to themselves and 
to the world than any savage or barbarous 
nation. The reform of education is not a 
luxury, it is a necessity if we are to safe- 
guard existing democracy and make pos- 
sible its development into a more effective 
means of human cooperation. 

If science is to take the central part in 
a new educational system, it must be a 
science that relates far more closely than 
in the past to the material and social as- 
pects of ordinary life, and it must be linked 
throughout with the other parts of teach- 
ing. The methods of science teaching have 
grown up in the past out of the need to 
provide training for science specialists : 
doctors, engineers, chemists, or geologists. 
As science teaching spread, these training 
purposes were minimized, but they were 
never abandoned. The dominant aim was 
still to impart necessary information and 
ste: dard techniques. At its best, this 
method would provide for competent spe- 
cialists. At its worst, it simply handed out 
information that was so out of relation 
with life as to become meaningless and 
impossible to remember. In the new view, 
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training in science is required for two 
purposes : 


The first objective is to provide enough 
understanding of the place of science in 
society to enable the great majority that 
will not be actively engaged in scientific 
pursuits to collaborate intelligently with 
those who are, and to be able to criticize 
or appreciate the effect of science on 
society, 

The second objective, which is not en- 
tirely distinct, is to give a practical under- 
standing of scientific method, sufficient to 
be applicable to the problems which the 
citizen has to face in his individual and 
social life. 

It is this latter objective that has been 
so completely neglected in the science 
teaching of the past, and which now re- 
quires the greatest thought and attention. 
What we have to do is to get across, no 
longer a certain number of scientific facts, 
but what may be called the operative con- 
tent of science. The amount of knowledge 
needed for doing things is kept alive and 
memorable because it is constantly being 
used. With the operative content, and in- 
separable from it, should be the method 
of science which includes both the aspects 
of discovery and criticism. 

How is the science teacher in practice 
to effect this change in educational objec- 
tives? Here it is no question simply of 
applying known methods to other than 
accepted situations. The methods will have 
to be worked out in practice by the 
teachers themselves. If the science teacher 
hopes to be able to bring the teaching of 
science more closely into relation with 
ordinary life, it is clear that he must him- 
self take a larger part in that life. His 
functions must be enlarged to include the 
study and the criticism of the attempts to 
modify the social and material structure 
of the community in which he works. This 
would seem to be at first sight an intol- 
erable burden on the teacher, but the 
experience of those who have already been 
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attempting such activity shows that the 
wider view of science makes it more real, 
and consequently more easy to understand 
and to remember. There is all the dif- 
ference in the world between studying a 
subject with the object of imparting it to 
a class, and studying it as a means of 
helping to solve with the class some im- 
mediate and important social problem. 
The full significance of science is, in fact, 
impossible to grasp without a knowledge 
of its past, present, and future relations 
to society. The central problem is one 
of integration, but not of formal and mean- 
ingless integration, such as would be con- 
fined to statements that all aspects of 
knowledge are related to each other, but 
in precise detailed and practical relations 
between the particular skills of the scien- 
tist, the historian, and the common sense 
and practical views of the community 
outside the school. 

The position of the science teacher in 
a community is peculiar only in that he 
will usually be one of a few or even the 
only one to possess certain kinds of spe- 
cialized knowledge. He will understand, 
for instance, the physics of erosion proc- 
esses, while others appreciate as directly 
their economic and social destructiveness. 
It is through the possession of this special 
knowledge that the science teacher acquires 
his special responsibility. Until recently, 
we have too often taken the ivory tower 
view that the possession of knowledge was 
a purely private affair and that at most 
it involved the responsibility of imparting 
that knowledge to any that might ask to 
share it: We now feel that knowledge is 
a possession which is being wasted if it is 
not being used and we may even doubt 
in this case how truly it is knowledge and 
not mere pedantry, 

A central factor of our civilization 
today is that we possess through science 
enormous possibilities for human _better- 
ment, and that these possibilities are not 
being used for that purpose, and often 
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enough for the very opposite. It is the 
responsibility of the science teacher to 
point this out, but in order to do so, we 
must have the necessary knowledge of how 
the processes and results of science are 
linked with society, and this involves a 
much closer collaboration with the humani- 
ties and particularly with history than has 
yet taken place. We may frankly say that 
we do not know today what are the effec- 
tive relations between social economic 
development and scientific discovery, but 
we are finding out and we can see already 
that the old picture of science as an almost 
impersonal force, discovering new truths, 
which can then be applied to practical 
things of economic value, is only half the 
truth, and as such, gives an entirely false 
picture. 

Society influences, inspires and directs 
science quite as much as science trans- 
forms society. All of the great discoveries 
and inventions of the past, the telescope, 
the steam engine, the theories of gravita- 
tion and of evolution, are themselves just 
as much products of society and economic 
forces as they are factors in social change. 
The history of science must become a vital 
part of science teaching, and on the other 
hand, the understanding of science and of 
its social importance must enter into all 
historical courses. It is now possible to 
present, at any rate in outline, a picture 
of human development in which science 
plays an understandable part and provides 
a clue for many of the transformations 
which have been the main spring of vast 
political and economic changes. We see 
in particular that the confusion and strug- 
gle of our own times is largely the result 
of the inability of an economic and political 
system which grew up in an era of small 
trading and handicraft industry to deal 
with the new possibilities of large-scale 
mechanized industry and transport, which 
by their very nature imply a far more 
highly organized and planned society. 

The greatest defect of scientific educa- 
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tion in the past has been its inability to 
transmit the most characteristic aspect of 
science, namely, its method. This was to a 
large extent inevitable, given the fact that 
few scientists or science teachers under- 
stood this method, and that those who did 
understand it were too occupied to teach 
it, except by personal contact and inspira- 
tion. What has passed for scientific 
method is an abstract made by philosophers 
of the old school and has never contributed 
anything to the advance or to the under- 
standing of science. Now, just because 
we do not know what the method of science 
is, we have no excuse for not teaching it, 
for the ability of learning to do things 
can well precede the analysis of the proc- 
esses involved. Jt is most important that 
all, and particularly those who are not 
continuing in scientific careers, should 
learn scientific method by practicing it. 
This practice is far more valuable than an 
accumulation of facts which, even if re- 
membered, cannot be put to any use. 
We have had in the past the greatest 
confusion as to the very meaning of the 
scientific method. In most presentations 
it appears as a means for arriving at truth 
by carefully sifted evidence on which is 
built a structure of inductive or deductive 
logic. Such a presentation is false because 
it does not represent perhaps the most 
characteristic aspect of science, its ability 
to seek and discover new significant rela- 
tionships, which must be found before 
their validity can be tested. No exercise 
of logic can discover the scientific method. 
It must be treated like every other object 
of study, by examining what people actu- 
ally do when occupied in scientific re- 
search. The teacher can only bring out 
the processes of discovery by practicing it. 
The business of finding problems in situa- 
tions, of formulating those problems, of 
solving them, and of ‘checking the results, 
is something that can only be appreciated 
by those who have carried it out. Only 
on this basis can the work of the scientists 
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of the past and the present be effectively 
understood. Every science teacher and 
every science pupil must be to some extent 
a research worker. 


The spread of the problem approach to 
schools indicates that this aspect is being 
understood, but it is a new technique and 
it will be necessary to learn much about 
its possibilities and limitations before it 
can be confidently accepted as a solution 
to the major problem of science teaching. 
For a problem to be of value in getting 
scientific method across, it must be at once 
interesting, significant, and real. The in- 
terest of the problem can only be judged 
by those who are tackling it. The fact 
that the problem interests the teacher is 
of minor importance. It would be far 
better, if it were possible, that all problems 
should originate among the pupils them- 
selves and arise from situations which are 
familiar and important to them at the very 
stages of their development. Although it 
would be pedantic to insist that all prob- 
lems should have a certain significance, 
for there is plenty of room for trivial and 
merely amusing problems, it is important 
that the majority of problems should mean 
something in the lives of the pupils or of 
the community in which they work. The 
story of the school that built a Roman 
galley in its dry back yard, while in front 
of it lay a hillside visibly eroding, may 
stand as an example of the need to turn 
from a type of education intended for 
dilettante gentlemen, to one of social utility. 

Finally, the problems must be real, that 
is, they must be ones for which the answer 
is something honestly sought, and uot al- 
ready known, or supposed to be known to 
the teacher. Faced with an unreal prob- 
lem, the pupils very naturally turn it into 
a real one, which is to find out what 
answer the teacher wants them to get, and 
that attitude prolonged through life cre- 
ates the mass of yes-men and place-holders 
that are the most effective blocks to real 
social advancement. 
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Devotion to problems should not, how- 
ever, take the place of a comprehensive 
curriculum. It is clear that the detail in 
which a problem must be studied will pre- 
vent a whole field being covered by such 
problems. They must be considered 
frankly as samples, but if no problem is 
treated in isolation and each one is allowed 
to branch off enough to indicate related 
problems and related fields of study, it 
should be possible to provide enough of 
the outline of general scientific knowledge 
to enable any new problem to find its nat- 
ural place. For example, the problem of 
methods of heating and air-conditioning 
may well involve the whole theory of heat, 
and link up with problems of heat engines 
and of climate. 

We are still very much in the dark as 
to what the ideal curriculum for science 
should be. It is clear that it should vary 
far more than it has varied in the past from 
age to age, and community to community, 
and also that it must keep pace more closely 
with scientific advances. It is not so es- 
sential on their own account that people 
should learn the latest discoveries of sci- 
ence. Many earlier discoveries were of 
far greater importance. The value of 
teaching recent work lies rather in the very 
fact that it is recent, that science appears 
not as a storehouse of knowledge to be 
accepted on authority, but as something 
continuously changing and being revised to 
meet new knowledge and new needs. If 
at the same time pupils have learned 
through their own efforts to make addi- 
tions to knowledge, however small, they 
can identify themselves with the processes 
of science, rather than rest content in a 
finished temple of science. 

In the older methods of scientific edu- 
cation, where the training of the specialist 
was the aim, it. was considered necessary 
that everyone should acquire certain par- 
ticular techniques, such as those of precise 
measurement, of chemical analysis or of 
classification. The time and effort spent 
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on these and the general boredom they in- 
spired was one of the most effective deter- 
rents to real scientific education. It was 
not grasped that most people, except for 
certain rather odd psychological types, 
learn techniques to use them and not for 
their own sake. By not attempting to teach 
these techniques, the effective time avail- 
able for science teaching can be much 
increased. 

But this does not mean it would be de- 
sirable not to teach any techniques at all. 
There remain a number of techniques 
which are not known and are of the great- 
est of value in everyday life. The teaching 
of these might at least in part take the 
place of the earlier teaching. Every citi- 
zen of today ought to understand enough 
of the use of graphs and of probability 
calculations to make sensible choices as a 
consumer and to be able to reach a bal- 
anced opinion in making economic and 
political decisions. We particularly need 
some picture of the maximum set of such 
techniques that we can expect to get across 
in a general educational system, but it is 
certain that the qualitative type of argu- 
ment used in science will form part of it 
and be an effective deterrent to the ac- 
ceptance of the majority of emotional 
arguments which are now being used so 
successfully to confuse and enslave whole 
populations. Needless to say, such tech- 
niques are not to be learned in the abstract. 
They must be demonstrated in situations 
resembling as closely as possible those of 
ordinary life, so that requirements of 
transfer need hardly arise. 


The central problem of making science 
an effective possession of the whole people 
cannot be sought merely by changes in 
curricula or teaching methods. A new re- 
lation between the science teacher and his 
pupils, and between both of these and the 
community are necessary. These changes 
are in line with the general development of 
ideas in education. How can we expect 


to build up a democratic community if 
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we do not give opportunity for the practice 
of democracy from the earlier stages? 
Particularly in science, where what we 
want to bring out is the danger of authority 
and the need to question everything, it is 
absurd and self-defeating to use authori- 
tarian methods of teaching. Actually, ex- 
perience in a number of schools has already 
shown that scientific processes and scien- 
tific thinking are not themselves peculiarly 
adult attributes. Given a suitable environ- 
ment, children almost from infancy can 
argue as reasonably and can discover as 
originally as any adult. The fact that 
owing to their limited field of experience, 
their discoveries have usually been antici- 
pated, should not prevent us from appre- 
ciating and using their capacity. In the 
last few years, we have seen in England 
that the most intelligent drive for reform 
of science teaching has come from the stu- 
dents. What is not usually recognized is 
that the educator today, particularly in the 
cities, is called on to provide a situation to 
take the place of the older traditional up- 
bringing of children on farms and in vil- 
lages. Here children both observed and 
took part in practically every adult occu- 
pation, while now the environment is be- 
coming increasingly divorced from such 
occupation, and it is the responsibility of 
the school to provide for it. Mere lessons 
and academic exercises are not substitutes. 
The pupils must themselves be doing some- 
thing which they can feel has real social 
importance. The failure to do this is re- 
flected in adult society by an excessively 
narrow attitude toward occupation where 
work is considered an unpleasant neces- 
sity, rather than an essential and _satis- 
factory part of social life. 

If the school is to provide the objective 
surroundings which are to take the place 
of those of the village community, it is 
clear that the social responsibility of the 
teacher is much increased. The teacher in 
the past was not strictly an educator. His 
business was to see that the majority of 
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his pupils knew how to read and write, 
and that a few gifted ones could be trained 
for the professions and the ministry. The 
main burden of education fell on the farm 
and village. Now, however, the teacher, 
particularly the science teacher, has to pro- 
vide for the understanding of and the 
participation in a vastly more complex so- 
cial and economic organization. He is 
obliged, if he is to fulfill his responsibili- 
ties, to understand that organization, and 
to lead his pupils into an effective mas- 
tery of it. 

This means that he must concern him- 
self with immediate practical social prob- 
lems. Now the essence of these problems 
is that they are controversial. 
meet the most fundamental difficulty of 
how the teacher is to deal with contro- 
versial issues. The older traditional edu- 
cation had it that he must remain in a 
strict impartiality, but to do so under 
modern conditions would mean that he was 
unable to help his pupils in any way to 
deal with their real problems. The human 
applications of scientific knowledge are as 
much part of science as its theory. We 
do not expect the science teacher to retain 
an impartial attitude with respect to a 
flat earth or a special creation of organ- 
isms. But the problems of nutrition or 
erosion admit just as little of an impartial 
attitude. Impartiality is not objectivity, it 
is simply a refusal to look rationally at 
the issues. If people have not enough to 
eat to keep healthy, the science teacher 
must point it out and either he or the 
social science teacher will be obliged to 
discuss how and why such a situation 
arises, and what can be done to remedy it. 
To do less, would be to admit that science 
was just a play of words and would in- 
evitably create in the minds of students the 
idea that it was an ineffective adjunct to 
life, instead of one of the majer agents 
of social change. 

We must naturally realize that under 
existing conditions it will not always be 
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easy for the te er to take a definite line 
on such questions. ‘\nti-scientific and anti- 
social forces are puwerfully entrenched in 
the school system, and the approach to 
social problems may have to be indirect 
and should always be tactful. But the 
essential thing is that the teacher should 
understand the situation and know what 
he is striving for. The means he uses will 
depend on the circumstances. We have 
seen in England the success that has at- 
tended the persistent efforts of school 
teachers and doctors to see that children 
in schools receive adequate nourishment, 
and this success has been due, very largely, 
to the ability of the school teachers to dem- 
onstrate their case scientifically. If a sci- 
ence school teacher knows his job, he will 
sooner or later be able to convince the com- 
munity that a rational approach to social 
problems is not either radicalism or ideal- 
istic philanthropy, but plain common sense, 
and if at the same time there are good 
working relations between teacher and 
pupils, the task will be made much easier 
and shorter. 


It would be foolish in dealing with de- 


‘ velopments of education to ignore the very 


serious obstacles that stand in the way. 
The modern movement is particularly ex- 
posed to criticism, most of it ignorant and 
prejudiced but some of it having substan- 
tial justification. The advantage of any 
traditional method is that it does what 
is expected of it. Older teaching may not 
have produced either educated or reason- 
able citizens, but it produced the kind of 
citizens people were accustomed to. The 
new education suffers under the disad- 
vantage of being experimental and aiming 
at new things. If, further, it occupies 
itself with social and political implications 
of knowledge, it opens itself to far more 
serious attack. But these attacks will have 
to be met, for to surrender to prejudice, 
even in part, can only lead to a compromise 
system which would have the disadvantages 
of both the old and the new. The two 
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essentials are that the student educated the 
new way should have all the practical 
competence in the techniques of life that 
belong to the student of the old school, 
and at the same time, that he should not 
feel less but more able to play an accept- 
able and effective part in society. 

The first problem is to see that the ap- 
plication of the new educational methods 
is sufficiently intelligently thought out, so 
as to cover the essentials of knowledge 
which are required to meet the practical 
tests of the traditional methods. This is 
not so difficult as it might seem, because 
much of traditional learning is useless and 
difficult to remember and the actual 
amount required is much smaller than that 
which was taught. Nevertheless, in work- 
ing out a curriculum, particularly using 
the problem method, it is essential to plan 
so as to cover the field in a comprehensive 
way. 

The second requirement, that of the 
social ability of the students of the new 
school, is one more difficult to satisfy. It 
is inevitable that as long as modern schools 
are a minority, that the students should 
feel themselves different from others, and 
difference, even if it is an improvement, 
is always a social disadvantage. The 
remedy for this is to see that the pupils 
are not cut off at any time from the society 
in which they live, but taken an even more 
active part in it than do those of older 
schools, or that they are not encouraged 
to think of themselves as receiving a special 
or superior education. The more spon- 
taneous, democratic, and important student 
life is, the less likelihood of the creation 
of any feeling of superiority. 

The problem of the social and political 
line taken up in the school is a more seri- 
ous one. In many places, school boards 
of directors consider that they are hiring 
teachers simply to perpetuate the existing 
situation in the community, with all its 
peculiarities and prejudices. The teacher 


cannot acquiesce in this view without sac- 
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rificing his scientific integrity. He is not 
so much a cepresentative of the particular 
community or of its socially dominant 
members, as he is one of that general 
human culture which it is his duty to trans- 
mit. There need not be, and there should 
not be, any open conflict, if the teacher 
can hold to his own ideal and see that it 
is understood and appreciated. There is 
no question of the teacher usurping the 
position of the religious preacher or polit- 
ical teacher. His business is to present 
things as they are and to indicate what 
He is not 
called on as teacher, though he may be 
aS citizen, to take active steps, but he can- 
not as teacher fairly remain silent or refuse 
to examine and to discuss the relevant 
facts of the situation. 

To define the field of relevance is more 
difficult. Natural and social science now 
overlap to such a degree that it is difficult 
to say whether such questions as nutrition, 
soil conservation and technical unemploy- 
ment lie in one field or the other. The 
important thing, however, is not who 
should teach about these things, but that 
they should be taught by somebody. 
Ideally, close collaboration between nat- 
ural and social science teachers can pro- 
duce a balanced presentation, but failing 
that, one or the other could equally carry 
on this task. It is sometimes claimed that 
the extension of the field of science to 
cover practical and social considerations 
puts too much of a burden on the teacher, 
but those who make this claim have usually 
little acquaintance with the practice of such 
an extension, or they would know that an 
appreciation of the social significance of 
science greatly increases our understanding 
of its principles. 

The new principles of education reflect 
the movement which rejects the necessity 
for the present chaotic, insecure, and 
thwarted state of human society. The de- 
velopment of science has provided us with 
the means for a fruitful and secure life. 
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The obstacles to that life are no longer 
material ones. They lie in social forms, 
and in the attitude of those who from in- 
terest or stupidity are wedded to those 
forms. The world cannot advance, indeed 
it cannot carry on without a far more con- 
scious and ordered handling of social and 
economic matters. If we fail to educate 
people to think about this, our present 
difficulties will grow worse, until they cul- 
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minate in the miserable serfdom of fascism, 
and the wars which are fascism’s only 
answer to the difficulties they cannot cope 
with. Science and education are still pow- 
erful weapons for the defense of democracy, 
and for making possible the extension and 
development of democracy in the direc- 
tion of an ordered, yet free, cooperative 
community. 


SOCIAL IMPLICATIONS OF THE INTRODUCTION OF 
ATOMIC ENERGY * 


W. HuGu STICKLER 


Stephens College, Columbia, Missouri 


O* Sunday, August 5, 1945, the world, 
whether we like it or not, explosively 
entered a new era from whence there is 
no turning back. On that day a single, 
relatively small bomb dropped from a 
single airplane obliterated six square miles 
of Hiroshima, Japan, and killed between 
100,000 and 200,000 human beings. Three 
days later another bomb of similar type was 
dumped over Nagasaki, Japan, with com- 
parable results. For the first time in his- 
tory atomic energy had been released by 
man to do his work. In this particular 
instance the nasty job at hand was the 
ending of the war with Japan. That pur- 
pose was achieved with marvelous dispatch. 
The war ended approximately one week 
later. Yet history may well remember 1945 
as the year when atomic energy was first 
released by man rather than the year in 
which World War II ended. 

To those of us who had been working 
on the Manhattan Project, August 5 was 
a day of supreme satisfaction—grim satis- 
faction to be sure—in the knowledge that 


* Address delivered before the Stephens Col- 
lege Faculty Fall Conference on Septembr 5, 
1945. 


thousands if not millions of lives, both 
Japanese and American, had been saved 
and the war shortened months if not years. 
Endless days of work and groping in the 
dark now came to fruition and light, and 
we knew at last that our faltering, uncer- 
tain, unproven efforts. had paid off. Oak 
Ridge, Tennessee ; Los Alamos, New Mex- 
ico; and Hanford, Washington, could now 
come out into the open. The world knew 
our secret, and the enemy had felt the 
effects of our labors. 

Although scientists from many nations— 
England, Italy, Denmark, France, the 
United States, et al—collaborated in the 
development of the atomic bomb, its actual 
fabrication was a tribute to Yankee ingenu- 
ity and American technological “know- 
how”. Concerning the technical aspects 
of the work of developing the bomb I can 
say nothing for that information is as secret 
today as it was before the bomb was used. 
But let us look at some of the facts which 
have been released for public consumption. 
In his announcement concerning the first 
use of the bomb, President Truman spoke 
quite correctly of our harnessing and un- 
leashing “ the basic force of the universe ” 
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upon the Japanese. For some time now 
we have known that the heat and light from 
the sun are not the result of burning or 
ordinary oxidation. Instead the matter or 
material of the sun itself is actually being 
destroyed as it is slowly converted into 
energy. This concept was evolved by 
Albert Einstein in 1905 in his now famous 
formula, E = mc’, or energy equals mass 
times the square of the velocity of light. 
According to this formula mass and energy 
are two phases of the same thing, and the 
quantity of energy released by the con- 
version of mass into energy is unbelievably 
great. For instance, we know that the 
entire earth receives only some one two- 
billionth of the sun’s total radiant energy, 
and I believe it has been calculated that on 
a bright sunshiny day in summer the entire 
State of Missouri receives between two 
and three ounces of radiant energy from the 
sun in a twenty-four hour period. Think 
what that energy does! It lights the state, 
warms it, makes the winds to blow and 
the rains to fall, and causes every living 
plant, and through plants, every living ani- 
mal, including its nearly 4,000,000 human 
beings, to exist. Atomic energy is of that 
magnitude although we should hasten to 
add that through uranium fission scientists 
are able to release only 0.1 per cent of 
the total energy present. You have awe- 
some evidence as to what that small per- 
centage of efficiency can do. A single 
inefficient bomb killed 100,000 or more 
people in the twinkling of an eye—yes, 
perhaps in a millionth of a second. 

Or let us put it in other ways. The 
fission of a single uranium-235 atom 
releases something over 200,000,000 elec- 
tron volts whereas, for basis of comparison, 
the explosion of a TNT molecule sets free 
three to five electron volts. Calculations 
and experimentations show that potentially 
one pound of uranium 235 has an energy 
equivalent of 60,000,000 to 100,000,000 
pounds of TNT. Uranium-235 is to TNT 
as a whale is to a paramecium. A pound 
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of uranium-235 potentially represents some 
10,000,000,000 (ten billion) kilowatt hours 
of electrical power. It could furnish all the 
electrical power now supplied throughout 
the United States for a two-month period. 
Just six pounds of uranium 235 could fur- 
nish power equal to all the electrical energy 
Illus- 
trating further, here is what atomic energy 
can do if and when it is ever made fully 
available to work for man :' 


used in this country in a year’s time. 


a.Smashing the atoms in one pound of 
water would create enough energy to heat 
100,000,000 tons of water from freezing to 
boiling temperature. 

b. The atomic energy in a breath of air would 
operate a powerful airplane continuously for 
a year. 


. A handful of snow would heat a large apart- 
ment house for a year. 
d. The pasteboard in a small railroad ticket 
would run a heavy passenger train several 
times around the world. 


o 


.A teacup of water would supply the power 
of a great generating station of 100,000 
kilowatts capacity for a year. 


= 


. If the atomic energy in matter is made fully 
available for mechanical use, all other forms 
of energy, such as coal, oil and explosives, 


will be antiquated. Dams and _ electrical 
transmission will be as outmoded as 
stagecoaches. 


This is the kind of energy we are coming 
to have at our disposal. 

The development of the atomic bomb 
cost the American people about $2,000,- 
000,000 or almost the nation’s pre-war 
annual expenditure for public education. 
Part of that money was spent in converting 
uranium-238 into neptunium plu- 
tonium, two new man-made chemical ele- 
ments, at the Hanford, Washington, plant, 
but the greater part of it went into the 
building of equipment at Oak Ridge, Ten- 
nessee, by means of which uranium-235 
could be separated uranium-238. 
Crude uranium comes from Utah, Colo- 
rado, Czechoslovakia, the Belgian Congo 
and particularly from the Great Bear Lake 


from 


1 Informatio. from Davis, Watson (Editor) : 
The Advance of Science. Doubleday, Doran and 


Company, New York, 1934. 
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region of Canada at a basic cost of some 
$22 per pound, but separating that one 
atom of uranium-235 from every 140 atoms 
of uranium-238 costs millions of dollars 


per pound of finished product. The Oak 
Ridge development alone cost some 
$1,200,000,000. You may have read 


among other things that 15,000 tons or 
30,000,000 pounds of silver were used, 
enough to make more than 150 of our larg- 
est American locomotives out of pure silver 
at a cost of over $150,000,000. Of course, 
this can be recovered. This is to say noth- 
ing of the huge amounts of copper, stain- 
less steel, chromium, vanadium, molyb- 
denum, tungsten and other rare metals— 
yes, even gold—which went into the proj- 
ect. Yet, all things considered, the atomic 
bomb project was probably the most effec- 
tive and economical $2,000,000,000 spent 
during the entire war. There can be little 
doubt that with just about a week’s normal 
war expenditure on the project the war was 
shortened months if not years. 

Should we have used the bomb first? 
The answer to this question is a matter 
of opinion, and I want to make it clear that 
from this point on I speak as a social indi- 
vidual and not as a scientist. Of one thing 
we are certain: Germany ran us a merry 
chase in the development of the atomic 
bomb. There can be little doubt that she 
knew what she was doing, and she came 
dangerously close to beating us to the 
punch. Perhaps the fact that our counter- 
intelligence was good was the only thing 
that saved us. Each time she would start 
to build plants we would bomb her. Our 
atomic scientists, however, were never com- 
fortable about Germany on this score—not 
even in the last stages of the European 
war when Germany’s position was desper- 
ate-—until the last acre of her soil was occu- 
pied by our troops. Had it not been for 
our bombings she might have beaten us 
to the goal, and had she possessed the 
weapon first it is difficult, knowing the 
cruelty of Germany in warfare, to imagine 
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her not using it. I personally believe we 
were justified in its use. Unquestionably 
it did in the long run save countless lives. 
When all is said and done all methods of 
killing and destruction in warfare are 
largely a matter of degree of application. 
At the present time the atomic bomb hap- 
pens to be the most efficient killer and 
destroyer. In its present inefficient devel- 
opment it is equivalent in its destructive 
potential to some 400 of Britain’s largest 
or 12-ton bombs. I find myself quite in 
agreement with an editorial in a Louisville 
(Kentucky) newspaper in which a reply 
is made to an English clergyman who has 
criticized the United States as being im- 
moral in using the weapon. By way of 
rebuttal the editorial asks the Englishman 
just how many of their “earthquake” bombs 
are moral. Is it 1, or 10, or 100, or 200, 
or 399? Just where does the transition 
from moral to immoral take place? 
During the past month one has at times 
heard science criticized for developing such 
a hideous weapon. Here I must come to 
the defense of the scientist. Few non- 
scientists realize that the scientist is by his 
very training and mental discipline as much 
concerned with the discovery of truth as 
is the theologian. The scientist’s methods 
are objective. It is his to discover and 
reveal truth, not to determine what use 
society shall make of his discoveries. That 
atomic energy would one day be released 
by man was inevitable. It was the sci- 
entist’s job to hasten that day. He has 
done his job fairly well. To him the atomic 
bomb is neither moral nor immoral. It is 
amoral. Now that he has succeeded in his 
work—at least in small degree—it is not 
his alone to assume responsibility for the 
use of the weapon. That is society’s re- 
sponsibility, and as a member of society 
the scientist is no more and no less respon- 
sible for the use of the atomic bomb than 
you and I are. As Life magazine puts it, 
“The thing for us to fear today is not the 
atom but the nature of man, lest he lose 
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either his conscience or his humility before 
the inherent mystery of things ”’.? 

What are some of the potential peace- 
time uses of atomic energy? Here it is 
easy to turn one’s fancy loose. So far we 
have done nothing, and we may never be 
able to do anything with it industrially. 
There are those who would have us believe 
that all the multifarious peacetime possi- 
bilities about which we read are the wildest 
hallucinations of dewy-eyed visionaries. 
For that matter these same people probably 
felt the same way about the release of 
atomic energy in any manner or measure 
a very few years or even months ago. It 
is well for us to remember that into the 
five-odd years since Lise Meitner’s epoch 
discovery we have probably crowded ten 
to twenty normal years of research, all, of 
course, directed toward the end of using 
atomic energy for the destructive purposes 
of war. Now that theoretical scientists 
have a toe in the door, technologists can 
begin to catch up in developing peacetime 
uses of this giant in swaddling clothes. 
Admittedly they have a long way to go, 
but it is not beyond reason to imagine 
atomic propulsion of ships, huge jet propul- 
sion airplanes powered with atomic energy 
in packets the size of marbles and providing 
unlimited ranges and vastly increased pay 
loads together with greater speeds, auto- 
mobiles with engines the size of a man’s 
fist and which contain propulsion power 
for the life of the car when one buys it, 
atomic driven trains, homes without fur- 
naces and numerous other useful appliances 
as yet undreamed. These are not impossi- 
bilities although we are not likely to see 
them tomorrow. Yet it is not beyond the 
range of probability that you and I may 
see some of these things come to pass in our 
own generation. Even the possibility of 
inter-planetary travel does not seem as silly 
now as it did a month ago. While it still 
seems very unlikely and while I certainly 


2“The Atomic Age” (Editorial). 
zine, August 20, 1945, p. 32. 
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doubt its ever becoming an eventuality I 
would not say categorically today that this 
can never be. 

Shall the United States try to keep the 
secret of the atomic bomb or shall she share 
the knowledge with the rest of the world? 
The question is a rather foolish one. Make 
no mistake about it, we cannot keep the 
secret long. Too much work has been done 
on this problem by too many scientists in 
too many countries over too long a time 
to have any qualms about that. Science 
is international. The secret cannot, there- 
fore, long remain ours. It is relatively 
safe to assume that Germany probably 
knows enough now to make this weapon 
if we but gave her the chance. No doubt 
atomic energy eventually belongs to the 
world anyway—when her citizens become 
civilized enough to know how to use it 
constructively rather than destructively. 
And unless we reach that happy state of 
civilization soon there is a very real, though 
we hope small, possibility that some or all 
of us in this room now may meet our deaths 
by the release of atomic energy. 

Man-released atomic energy may be used 
for good or evil. Its potential use for evil 
makes it imperative that there be no Werld 
War III. The stakes would be too high. 
Atomic bombs coupled with atomic-driven 
jet propulsion airplanes, long range and 
accurate rockets, radar and other scientific 
gadgets would make it a nightmare of 
destruction the like of which the world 
has never known nor even imagined. On 
the other hand, conceivably, atomic energy 
may well prove to be a tremendous power 
for peace, not through fear of the nations 
which possess it but by making war unnec- 
essary. Possibly within a few decades it 
may never again seem necessary for nations 
to go to war over coal or oil. Conceivably 
metals may sometime be transmuted eco- 
nomically so there will be an abundance for 
all nations, great or small. Whether atomic 
energy proves to be a blessing or a curse 
depends entirely upon the manner in which 
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man uses it. Intrinsically it is neither good 
nor bad. If we but will we can lend cre- 
dence to General Carl Spaatz’ musing: 
“Wouldn’t it be a strange thing if these 
were the only two atomic bombs ever 
dropped?” 

A sobering thought lies in another ques- 
tion: Would it not be stark tragedy if his- 
tory should prove that the United States 
and her allies won this war only because 
we were technically superior to—and make 
no mistake about it, this was a scientists’ 
war—and able to outproduce our enemies? 
That alone by no means proves that ours 
is a superior way of life. All the winning 
of the war has done so far is to set the stage 
so that the allies can continue to live in 
their present manner. To show the rest 
of the world that our way of life is superior 
is now our opportunity and challenge. 
Most certainly now that atomic energy is 
here to stay, men must learn to live to- 
gether and behave themselves. Man now 
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has the means to destroy civilization—and 
easily—if he wills to do so. But it would 
seem the better part of sanity to look and 
hope for a turning of all powers, great as 
well as small, to the road of peace made 
possible at last by an abundance of power 
for all. Used judiciously mankind prob- 
ably has at its disposal a potential instru- 
ment for bringing about a social change for 
progress and good more stupendous than 
the Industrial Revolution. Atomic energy 
can be a giant slave or a monstrous Frank- 
enstein as men will to use it. Mankind 
must either establish a common brother- 
hood or die in hordes under atomic destruc- 
tion. A decision on this point is not to be 
evaded. We must face it. As Life’s edi- 
torial so aptly concludes, “We can abolish 
warfare, and mitigate man’s inhumanity to 
man. But all this will take some doing. 
And we are in a strange new land.” # 


3 Ibid. p. 32. 


THE INFLUENCE OF WORLD EVENTS ON SCIENCE 
EXPERIENCES IN THE ELEMENTARY SCHOOL 


H. Emmett Brown 
State Teachers College, Buffalo, N. Y. 


HE character of world events no longer 

forces us, as it would have done only 
a year or two ago, to consider what ele- 
ments of the science of warfare are of 
concern for the school curriculum. The 
physics of shell trajectory, the chemistry 
of the fire bomb, and the biology of the 
treatment of burns from these fire bombs 
are no longer topics of immediate concern 
to the children of the schools in the United 
States. Instead, the impingement of world 
events forces us to consider what it is that 
scientific knowledge may contribute to that 
lasting peace whose bulwark we so ear- 
nestly hope has been erected. What, then, 
is this knowledge, and what bearing does 


it have upon the elementary school 
curriculum ? 

A democratic world, prosperous and rid 
of the scourage of war, will come into 
existence and continue to exist because of 
the action of certain factors. Among these 
factors are the developments of technology 
and the changed attitudes of peoples all 
over the world toward their material pos- 
sessions and toward their fellow men. For 
the purposes of exploring the role of science 
I wish to classify these factors into three 
groups : 

(1) The accelerated shrinkage of the 
effective size of the earth and attendant 


breakdowns of barriers of all sorts. 
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(2) The natural resources of the world 
in their relation to world prosperity, and 
a new concept of stewardship with respect 
to these resources on the part of the na- 
tions most richly endowed. 

(3) The increasing importance of the 
individual in the world—his health, his 
ability to govern and improve himself, his 
educability—together with a concept of 
human values which, while not new in the 
world, is new in the universality of its 
application. 


THE SHRINKING WORLD 


A recent writer points out that “a trip 
by dogsled from Fairbanks to Nome takes 
30 days and costs $500; while by- air this 
distance may be spanned in four hours; 
the passenger fare is $78.” [1] The tele- 
scoping of even greater distances into 
flights of but a few hours have become 
commonplace during the war. Men injured 
on the battlefield find themselves in a hos- 
pital bed in the United States within the 
space of a relatively small number of hours. 
We are told that after the war no place 
will be more than 60 hours by plane from 
any other spot in the world. We need not 
wonder at this. Rather may we be sur- 
prised that it should take so long. After 
all, we do live on a sphere, and no point on 
that sphere can be more than about 12,500 
miles from any other. With airplane 
speeds mounting upwards towards 600 
miles per hour why should we spend more 
than 30 hours on the trip, even allowing 
for stops? 

So rapid is this shrinkage, that the mile 
becomes unsatisfactory as a device through 
which to obtain any sort of clear picture 
of distances. G. T. Renner [2] suggests 
the use of the units of “ time-distance ” as 
an alternative. He points out that in 1776 
our country measured about 37 days long 
by horseback travel from Maine to Georgia 
and about 20 days wide from Philadelphia 
to Boonesborough, Kentucky. Thus if we 
consider the country rectangular in shape, 
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our area in 1776 was 37X20, or 740 square 
distance-days. As transportation improved, 
this figure shrunk to 190 square distance- 
days in 1830, to .60 in 1880, to .032 in 
1940 and to an estimated figure of .008 
in 1960. Had the geometrical area of this 
part of our country actually shrunk in the 
same proportion, its 460,000 square miles 
would have been only 20 square miles in 
1940. Today the width of the Atlantic is 
but 6 or 7 distance-hours and that of the 
Pacific but 14 distance-hours. 

Let us attempt a similar measure of 
world shrinkage in terms of the length of 
time it takes a message, rather than man 
himself, to travel across the Atlantic, or 
to reach some remote point down-under. 
Distance-days do quite well for 1776 when 
man himself was the carrier of the message. 
So slow was communication that warfare 
persisted for nearly three months after the 
signing of the Treaty of Ghent which was 
supposed to terminate the War of 1812. 
In the 1860's the communication time 
from Atlantic to Pacific across this country 
by means of the justly famed Pony Ex- 
press was still 10 days. Today, our mes- 
sages carried by the flashing radio waves, 
the time element is virtually non-existent. 
No distance is great enough on the earth 
to require even a second for the waves to 
reach it. 

Still another measure of world size is 
the number and diversity of languages and 
customs. World-wide reception of Ameri- 
can radio programs and the equally world- 
wide showing (in peace times) of our 
motion pictures, have introduced American 
customs to people all over the world, with 
just how much effect upon language and 
customs it is hard to estimate. I believe 
that a certain standardization of behavior 
may well result. Whether this is to be 
welcomed or deplored is difficult to decide 
at this moment. Your answer will depend 
in part on whether you think similarities 
in language and custom tend to deter men 
from exploiting and waging war upon each 
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other to a greater extent than has been 
the case with existing national differences. 


WORLD RESOURCES 


The fourth of the eight points of the 
Atlantic Charter states : 

They will endeavor, with due respect for their 
existing obligations, to further the enjoyment 
by all states, great or small, victor or van- 
quished, of access, on equal terms, to the trade 
and to the raw materials of the world which are 
needed for their economic prosperity. 


I take it that this statement reflects the 
acceptance on the part of its framers of 
three fundamental facts: 


(1) The peace of the world depends, in 
large part, upon continued prosperity in- 
volving the common man of all nations. 

(2) World prosperity is based upon the 
wise use of natural resources. 


(3) Nations are, in a very real sense 
not the owners, but the stewards of the 
natural resources found within _ their 
boundaries. 

It is not my responsibility to argue these 
points. Instead, let us note some of the 
science relations. We may think of natural 
resources as of three main types: fuels, 
mineral wealth of the earth’s crust other 
than fuels, and soil. 

Aside from the relatively small amounts 
provided by wind and water, virtually all 
of the energy necessary to maintain a 
modern industrial civilization is derived 
from the fuels, coal and oil. The geologists 
tell us that these have been formed in the 
interior of the earth over great stretches 
of geologic time from the fallen remains of 
living things—almost surely plant life in 
the case of coal, and quite probably micro- 
scopic animal life in the case of oil. Be- 
cause of their origin, both coal and oil 
reflect man’s dependence upon the sun. 
Coal and oil are truly stored solar energy. 
And this energy is large. A pound of 
ordinary coal contains about 14,000 BTU, 
equivalent to about 11,000,000 foot-pounds 
of energy, enough energy to hoist a good 
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sized locomotive over an inch in the air. 
The energy in a gallon of gasoline similarly 
is sufficient to raise a load equal to the 
weight of about 200 people well over a half 
mile into the air. Parenthetically, we 
might note that the energy content of gaso- 
line is the greatest of any known fuel. But 
the very processes that have resulted in 
such superlative energy suppliers for man’s 
needs—processes requiring millions of 
years for their completion—indicate the 
hopelessness of looking to the earth to 
supply such fuels endlessly. Professor 
Kirtley Mather estimates that at the 1939 
rate of withdrawal, our domestic oil sup- 
plies will last but a third of a century more 
and world supplies but 75 years. Coal in 
sufficient quantity to serve as a fuel and 
as a raw material from which to manufac- 
ture gasoline and fuel oil will last about 
2,000 years. Oil shale can extend this 
period by about 3,000 or 4,000 years more. 
I cite these figures, not as a prophet of 
doom, but to underline the interdependency 
of nations. Science may conceivably give 
us other substitutes for coal and oil. 
Atomic energy has already been put to 
destructive uses. But most substitutes, in- 
cluding oil made from coal, cost more than 
the natural resources they replace. So 
great is the demand for these fuels that 
nations which have exhausted their natural 
resources or have never had them may 
take desperate measures, to wage war per- 
haps, if they are not afforded access to the 
world’s supply. 

The diversity of minerals—metallic and 
non-metallic—is too great to permit dis- 
cussion in detail. The United States, in 
common with several of the other large 
countries of the world, has some at least 
of all of the so-called strategic minerals. 
Some persons have urged that we bend 
every effort to make ourselves self-suffi- 
cient by utilizing our own low-grade ores 
even when the substances involved, such 
as mercury and manganese, can be obtained 
cheaply abroad. The wisdom of such a 
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policy, involving as it does the erection of 
trade barriers, is indeed doubtful. 

Herbert Quick [3] suggests that in the 
next century a farmer may well be haled 
into court because from his fields streams 
of muddy water are flowing. The farmer 
does not advance the excuse that what he 
does with his land is his own affair since 
“.. , this is the year 2000 and it has be- 
come a truism that the old ship [the earth] 
herself belongs to the passengers in com- 
mon, and that the soil is the people’s. The 
farmer, like the town dweller, simply has 
the right to the home he has built upon 
it—the right to a home forever; but he 
must treat the soil which belongs to all in 
such a way as to keep intact the most 
precious heritage of the race—that black 
crust of dark earth, only a few inches thick, 
which it has taken so many years to accu- 
mulate, and which once destroyed can 
scarcely be replaced. Truly the use of the 
soil is basic to our present civilization and 
its wise use a matter for social concern 
and control.” 

Recently we have come to realize that 
although the wise use and conservation of 
the soil is an individual responsibility, 
individual action, alone, may not be ade- 
quate to insure its wise use. Accordingly 
we have witnessed nation-wide erosion- 
control and flood-control projects. One 
of the most interesting of these latter has 
been the T.V.A. Speaking of this, the late 
President Roosevelt said, “ If we are suc- 
cessful here, we can march on, step by step, 
in a like development of other great terri- 
torial units within our borders.” The next 
of these developments may well be in the 
Missouri Valley. Senator Murray of 
Montana introduced the authorizing bill 
in August, 1944. The need is evident. 
Year after year the rivers of this great 
basin, covering one-sixth of the entire 
United States—an area equal to that of 
pre-war Germany, France, and Italy com- 
bined—go on a rampage, causing great 
damage and loss of life. Their control 
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would be a means to the electrification of 
farms, the irrigation of more than four 
million acres of “ have-not” land, the es- 
tablishment of a program of scientific land 
use, industrial growth, and increased use 
of electrical appliances. It is said that the 
establishment of a Missouri Valley Au- 
thority would restore to the eroded and 
impoverished lands the populations that 
fled them for a precarious existence in 
cities. The plans for the Missouri Valley 
Authority provide for large dams—of which 
Fort Peck, the biggest dam in the world, 
would probably be one 


and for levees in 
the lower reaches of the river. At the 
present time, governors of some of the 
states concerned—and this indicates the 
difficulty of such large-scale projects in 
this country—have registered opposition to 
the M.V.A., largely in terms of a supposed 
infringement of state’s rights. 


THE INDIVIDUAL 

Evidently if man is to assume an ever 
increasing role in this new world, he must 
be healthy, he must survive to acquire ex- 
perience in democratic action, he must 
develop his intelligence to the maximum. 
Time permitting, we should deal with some 
of the many recent scientific discoveries in 
this field—of new findings concerning 
nutritional needs, of the sulpha drugs and 
penicillin, of new methods of treating 
disease. Instead, let us limit our discus- 
sion to the concept of race as it affects the 
individual. 

One of the cornerstones of the hideous 
structure of modern Nazism and Fascism 
has been a distorted notion of race, a term 
of so many and varied meanings as to be 
almost useless. We speak of the three 


races of man—white, yellow, black—and 
also use the terms to apply to nationalities 
—the French race, the Italian race—or to 
a single religious group the Jewish race. 
The first important statement of a race 
theory (Bertrand Russell describes racism 
as a “ method of bolstering up self-esteem 
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and lust for power by means of beliefs 
which have nothing in their favor ex- 
cept that they are flattering ’’) was made 
by the French writer and _ politician, 
Gobineau, in attempting to forestall the 
growing demands of the underpriviledged 
in France. A speciously respectable sup- 
port for fascism was provided by interpre- 
tations of anthropometric measurements 
and by a distortion of the Darwinian theory 
of the survival of the fittest. 

Today, each of several fields of science 
gives the lie to race doctrines. The 
geneticist gives us a picture of methods of 
reproduction characterized by the group- 
ing of genes according to statistical patterns 
such that superior individuals are found 
among all groups of people. The biologist 
studies the different “ races” of man, and 
announces the basic unity of mankind. 
Psychologists study the intelligence of 
various racial groups and come to place 
less and less belief in racial differences in 
this trait. 


EFFECTS UPON THE ELEMENTARY 
CURRICULUM 


In attempting to incorporate any of this 
material into the elementary curriculum 
we must be wary of the kind of self-delusion 
that led the writers of the Fourth Year- 
book of the Department of Superintend- 
ence [4] to claim that “ feeding squirrels ” 
in the kindergarten contributed to such 
high and lofty objectives as “ability to 
perceive the truth,” “desire to follow the 
truth,” and “ realization of the wisdom of 
nature’s laws and of one’s dependence for 
successful living upon obedience to them,” 
and “collecting, pressing and mounting 
sprays showing alternate and opposite 
arrangements of leaves ” in the sixth grade 
to some 23 large objectives including : 


An attitude and desire of obedience to the law 
of love. Confidence in, and habitual practice of, 
sympathy, humaneness, kindness, regularity, 
patience, persistence, diligence, care, steadfast- 
ness, self-control, industry, thrift, and intel- 
lectual honesty. Desire to create happiness. 
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However, we should bear in mind that 
any large idea has simple elements. Hence, 
although we may not specifically teach some 
of the ideas concerning world stewardship 
of resources in the early grades of the 
elementary school, we may, quite properly 
and without sophistry, claim that work on 
soil in the third grade is contributing to 
this objective. 


Let us then attempt some suggestions of 
science materials for the elementary grades 
as they grow out of these ideas, bearing in 
mind (1) that mere verbalizations are use- 
less and that youngsters must do some- 
thing, and (2) that some of these sugges- 
tions are modifications or elaborations from 
existing syllabi; others are suggestions for 
new units or activities. 


1. In connection with the various units dealing 
with living things on the earth, there should be 
an increased emphasis upon man. We commonly 
teach the distribution, methods of obtaining food, 
and modes of livelihood, of plants and animals. 
Let us also treat of how man obtains and uses 
his food, of how man, as well as plants and 
animals, lives in communities, of the similarities 
as well as the differences found to exist among 
men. In grade one, some attention may be given 
to food eaten by members of the class. Activi- 
ties might include a discussion of eating habits, 
the making of records of eating habits as told 
or kept by individuals, and simple identification 
of food types. This work can be extended in 
grade six, and simple tests made on foods. Ex- 
periments and motion pictures should be used 
to teach facts concerning nutrition. 


2. There should be an increase in the amount 
of instruction, both direct and indirect, concern- 
ing the problem of race. Numerous opportuni- 
ties are afforded in units often taught in the 
elementary grades, as in units on animal and 
human growth and development. In addition a 
new unit dealing with race directly may well be 
introduced into one of the later grades. Students 
would assemble derogatory remarks concerning 
racial groups, and discuss their basis and origin; 
trips would be taken to parts of the community 
where minority groups can be met; facts con- 
cerning heredity and racial intelligence are 
taught to the extent made possible by the in- 
terest and maturity of the group. Such a unit 
obviously spreads beyond the confines of strictly 
science work and may well be a major unit for 
the year. Social studies units in the elementary 
grades often deal with life in one or another 
foreign country. Why not an expanded unit 
dealing with the “Little Italy” or the “ Little 
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Poland” of our own community? Whether or 
not such a special unit is taught, teachers need 
to be alert to seize upon instances of racial bias, 
to bring them out into the open for examination 
and to help children to develop desirable atti- 
tudes in this area. 

3. A unit on natural resources, often taught 
in grade five or six, might well be expanded to 
deal with some of the ideas presented earlier in 
this paper. Student projects on the methods of 
wresting metals and minerals from the earth 
and on the uses, properties and distribution of 
these materials may well be undertaken. Much 
free material—films, pamphlets, charts—is avail- 
able. Simple chemical experiments, such as 
heating copper oxide with carbon in a test tube 
to show a typical method of obtaining a metal 
from its ore, or simple non-quantitative tests to 
show the physical properties of several different 
pieces of metal may be perforired. 

4. A new unit dealing with one or another of 
the large-scale conservation and power projects 
—T.V.A., M.V.A., Grand Coulee, whichever is 
of most immediate interest—may be introduced. 
In this unit, a class exhibit may be a vital part 
of the class work. Committees make models or 
diagrams to show such things as methods of 
construction, size of the dam, uses to which the 
water is put, and regions affected. These are, 
of course, done on a simple scale, being made 
from plasticene, Plaster of Paris, clay, or paste- 
board. 

5. The study of fuels can be introduced into 
existing units, or expanded from the cursory 
treatment usually accorded them, or taught as a 
separate unit. In the latter case the unit may 
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well extend beyond the bounds of the strictly 
scientific. Students can do simple experiments 
to show substances found in coal (heat soft coal 
in a test tube); trips can be made to the local 
gasplant or to an oil refinery; student committees 
can assemble pictures or make models to show 
how coal is formed in the earth, or how oil 
is refined. 

6. In connection with notions of our “ shrink- 
ing world” some introduction to map projections 
may well be given. Students can easily learn 
how to locate the shortest distance from Seattle 
to Tokyo, or Chicago to London, by holding a 
taut string against a globe of the world. Older 
groups can transfer this great-circle course to a 
Mercator projection by measuring angles at each 
meridian on the globe. Units on aviation are of 
value in this connection. A valuable reference 
is Elementary School Science for the Air 
Age.[{5] 
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SOME PROBLEMS IN THE EDUCATION 
OF SCIENCE TEACHERS 


Joun S. RICHARDSON 
Miami University, Oxford, Ohio 


A stupy of the literature of the field 
and reflection upon experience in the 
preparation of teachers in the science area 
reveal certain outstanding problems. It 
seems probable that, to some extent at 
least, these problems have their counter- 
parts in other fields. Such concurrence 
suggests the importance of the problems, 
and the need for work toward their solu- 
tion. Education in these days faces chal- 
lenges that are more urgent than perhaps 
ever before. Teacher education must ac- 
cept its full responsibility in meeting these 


challenges. Those who are concerned with 
the science area may well study ways and 
means toward a more effective education 
for science teachers, for science and tech- 
nology will be called upon to make their 
contribution to peace just as they have been 
to the waging of war. The review of 
problems which follows is not intended to 
be exhaustive. Certain other problems 
might be added; a different organization of 
problems might be used; the suggested 
approaches to solutions might be more 
elaborate. 
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THE SOCIAL FUNCTION OF SCIENCE 


Problem I. Prospective science teachers 
exhibit a lack of understanding of the social 
function of science. The concept of science 
as one aspect of a culture is seldom present. 
The stimulus and support for science and 
technology in the on-going activities of so- 
ciety are not often understood ; the respon- 
sibility implied is not appreciated. The 
understanding of the contribution of science 
to society often ends in the concept of more 
gadgets or of a laboratory for basic 
research. 

Such limited outcomes may be expected 
if the academic preparation of the science 
teacher continues on a pre-research basis. 
In many institutions those who prepare for 
science teaching are placed in the same 
courses as those who prepare for engineer- 
ing, medicine, or research. (In other in- 
stitutions not having this variety of 
purpose the academic pattern follows 
closely the traditional pattern in an effort 
to achieve academic respectability.) It is 
true that there are values to be gained from 
the fraternization of the prospective teach- 
ers and the prospective engineers, physi- 
cians, and researchers. The question which 
arises is whether these values should be 
achieved at the expense of the lack of 
understanding of social significance of 
science through courses designed for other 
purposes. 


Education needs to place great emphasis 
upon the social function of science. (It is 
beside the point that this emphasis might 
well be included in the education of the 
engineers, and all the others who are placed 
together in their fundamental science 
work.) Not only should the courses be so 
modified, but experiences other than 
courses should be utilized to achieve this 
understanding of the social significance. 
Work experience should be a part of the 
background of the prospective science 
teacher ; experience so selected that he may 
have first-hand contacts with - situations 
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where science and its applications have 
direct relationship with society. Field 
trips, films, and other visual means may be 
utilized. Evaluation techniques to deter- 
mine progress should be developed and 
applied. The problem should be studied 
until real and significant progress in its 
solution is made. 


FUNCTIONAL AREAS 


Problem II. Prospective science teach- 
ers think in terms of subject matter bound- 
aries, rather than areas functional in the 
life of the individual. This problem grows 
out of the academic pattern with its rigid 
subject matter boundaries. Evaluation at 
both the high school and college levels has 
been very largely in terms of subject matter 
memorized. There is a place for content 
courses organized in functional areas. Cer- 
tain efforts in this direction have been 
made, but such deviations from the pattern 
are frequently unwelcome. The solution 
to the problem is complicated by our lack 
of specificity as to what constitutes func- 
tional areas. What may be a functional 
organization of ideas for one learning situa- 
tion may not apply in another situation. 
At this point there is recourse to principles 
for determining functional areas. How- 
ever, our teacher education has too often 
stopped with the principles to be applied. 
The prospective teacher has not had a suffi- 
ciently broad experience in the application 
of the principles to feel confident when he 
assumes responsibility for the science work 
of a school. The teacher-education institu- 
tion can provide greater assistance in this 
respect by developing the principles with 
the prospective teacher as they grow from 
concrete situations. 


Assistance in the solution of the problem 
may be gained by providing a broader 
range of academic experiences under the 
present course organization. For example, 
physical science majors need preparation 
in the fields of geology, astronomy, aero- 
nautics, mathematics, and biological science, 
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as well as in physics and chemistry. In 
too many instances such preparation is 
not provided. While the election of courses 
in each of these fields might prove diffi- 
cult in some instances, survey or orienta- 
tion courses suggest themselves as at least 
partial solutions. One of the early steps 
in removing the emphasis from the “ sub- 
ject-matter-to-be-learned ” objective is the 
broadening of the preparation of the 
teacher. 


BROAD OBJECTIVES 


Problem III. Prospective science teach- 
ers seem to believe that the only goal of 
science teaching is the imparting of infor- 
mation, Their teaching procedures are 
directed almost wholly to this end, as is 
their evaluation. The opportunities which 
the field of science presents for learning 
the methods of science and building them 
into one’s behavior have hardly been ex- 
plored. There is need for research in this 
field; on the basis of this research we 
should develop materials (in addition to a 
limited supply now available) which the 
prospective science teacher can use in his 
period of preparation. The “ scientific 
method ” is a goal of science teaching which 
exemplifies a whole series of objectives to 
which lip service is paid, but which are too 
often otherwise ignored. Attention should 
be given to ways and means of developing 
appreciations and attitudes. Skills and 
habits as outcomes of our science courses 
do not receive adequate attention in either 
the teaching or the evaluation. 

A necessary concomitant is a broadening 
of the general objectives of the schools. 
This probably can be accomplished only 
partially through teacher education. Also 
implied is the education of the community, 
college entrance officials and employment 
directors. However, if initial steps are 


taken by those concerned with the educa- 
tion of science teachers at least a beginning 
will have been made, and the second step 
may prove easier than the first. 
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THE USE OF THE LABORATORY 


Problem IV. The prospective science 
teacher has a very limited conception of 
the function of the laboratory in the learn- 
ing situation. He has been conditioned 
by a long experience of laboratory work 
in which he has followed the directions of 
the printed page, line by line. School has 
supplied few occasions for him to solve 
problems that are real to him; the psycho- 
logical basis for his laboratory work has 
been that of meeting a requirement set by 
the instructor. The exploratory function 
of the laboratory probably has not been re- 
vealed; he knows the laboratory only for 
its use in illustration and verification. 

Fundamental to the exploratory use of 
the laboratory is the quality of ingenuity 
in the individual. The science teacher 
should be an inventor, with an understand- 
ing of ways of utilizing his inventiveness 
for the benefit of the pupils under his 
direction, 

The preparation of teachers should be 
such that they are able to explore in the 
laboratory, and that they are able to direct 
the exploration of pupils. Such abilities 
require not only a wide variety of skills 
and techniques, but also an adequate knowl- 
edge of standard equipment. This should 
be supplemented by familiarity with a 
broad range of tools, materials, and equip- 
ment with everyday uses, with a view to 
their use in the laboratory. Provision for 
such experiences should be included in 
teacher-education curricula. Patterns of 
courses will need major alterations in 
many cases to make these provisions. 


AUDIO-VISUAL AIDS 


Problem V. The science teacher should 
become more fully aware of the wealth of 
teaching resources available to him. The 
textbook and manual have 
achieved such a hallowed place in our 
thinking that other more direct experi- 
ences often have no part in learning situa- 
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tions. The use of field trips, of films, 
slides, charts, and other visual aids, of 
pamphlets and other reading materials, is 
greatly neglected in the usual teaching 
situation. Teaching techniques and pro- 
cedures in some variety are related to such 
materials. Too often the class period is 
spent in recitation with little thought for 
the general lack of directed activity in- 
herent in such situations. Variety in the 
procedures used provides for differences 
in interest, for multi-sensory ways to learn- 
ing, and avoids the monotony which grows 
out of things oft-repeated. It is not sug- 
gested, however, that there is no place for 
the textbook in the science program. In 
fact, when used along with other resources, 
it is of great value, especially as a source 
book and a basis for organization. 

In this problem, as in the others sug- 
gested above, the institutions for teacher 
education must lead the way. It may be 
well for those concerned with teacher edu- 
cation to recall that, in general, we teach 
as we have been taught. Thus the prob- 
lems outlined are problems which are 
typical also of teacher-education institu- 
tions. While it is true that the teaching 
will reflect the elementary and high school 
background of the teacher, we must be 
certain that the work in our teacher-educa- 
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tion institutions is such that the teacher 
going out from them may teach by example 
as well as by precept. 

It is important to emphasize that learn- 
ing to teach from example should be ac- 
companied by occasion to learn to do by 
doing. The prospective science teacher 
should have real experience in teaching 
under competent supervision. This ex- 
perience should be such that he grows 
progressively from a situation in which his 
responsibility for teaching is secondary to 
that of a supervisor to a situation in which 
he is completely responsible. 

Finally, the institutions for teacher edu- 
cation should develop such in-service rela- 
tionships with science teachers that the 
teachers continue to grow professionally 
as they teach. Techniques to achieve such 
growth include follow-up of graduates, 
conferences, workshops, bulletins, and 
other published materials, clinics, and the 
like. Attitudes favorable to such in-service 
growth are necessary. Here, again, it is 
necessary for the institution for teacher 
education to take an active part in pro- 
moting the means to professional growth. 
We may be certain that if the challenges 
which confront our science program are 
to be successfully solved the solution will 
come from cooperative endeavor. 
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THE USE OF DEMONSTRATIONS IN SCIENCE TEACHING 


Epwarp F. PotrHorr 
University of Illinois, Urbana, Illinois 


term ‘‘ demonstration’ as used in 
this article relates not only to the formal 
demonstration-lecture but also and especi- 
ally to a much briefer and more informal 
type of activity performed by either teacher 
or pupil for the benefit of a class. We 
refer to the many little demonstrations in 
which the properties of an unfamiliar ob- 
ject or material are shown, the functioning 
of an instrument or model is revealed, the 
execution of some act of manipulation is 
presented, or the positional relationships 
of apparatus are portrayed. Thus the 
teacher may wish to have pupils observe 
the parts of a dry cell, the operation of a 
model of a pump, the technique of manipu- 
lating a microscope, or the connections in 
a simple electrical circuit. 


Such demonstrations can play important 
parts in science instruction; all the argu- 
ments usually advanced in favor of visual 
aids may be employed here. The use of 
the concrete, particularly where it deals 
with the unfamiliar, can provide an ex- 
periential basis for learning, whether that 
learning be remembering facts, understand- 
ing processes, seeing relationships, or 
getting an idea of how motor skills are 
executed. Direct experience, especially if 
it is with the unfamiliar, may motivate the 
learner, attract his attention, stimulate his 
interest, and arouse his curiosity. Demon- 
strations can be helpful also in facilitating 
comprehension of the abstract, giving 
reality to the written and spoken word, and 
reinforcing it by providing impressions 
through several sense avenues. In gen- 
eral, learning may be more meaningful, 
more accurate, more complete, and more 
permanent if it is based upon actual ex- 
perience with that which is being studied. 
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Demonstrations by a single person for 
the benefit of a group can also have other 
values. Thus they may save much time 
and expense as compared with having each 
pupil obtain the materials involved or hav- 
ing each one perform the manipulation 
required. Moreover, the demonstrator can 
direct the observations of all learners at 
once, and he can take up their questions 
and difficulties promptly as they arise. 
Finally he can proceed to a class discus- 
sion of the observation easily and expedi- 
tiously and without having pupils dis- 
tracted because they are handling things 
which are within reach. 

It is the writer’s conclusion, however, 
from observing many demonstrations, that 
they are frequently performed ineffectively 
or under unsatisfactory conditions. Thus 
the material or apparatus used is often so 
small that it can be seen clearly only by 
the pupils in the front of the room; or if 
the object is large enough, clear vision may 
be impossible because of inadequate lighting 
or lack of color contrast in the background 
against which it is shown. Again, the 
demonstration may not be sufficiently 
elevated for those in the back of the room 
to have an unobstructed view; or the re- 
lationships, processes, or manipulations 
may not be clearly observable because they 
are presented in a horizontal, rather than 
in a vertical plane. Sometimes pupils are 
even expected to see, from their seats, 
apparatus which is placed flat on the teach- 
er’s desk. 

Many demonstrations, even some of 
those presented by teachers, are ineffec- 
tively performed. It is very easy for the 
demonstrator to obstruct pupils’ vision by 
allowing his head or body, an arm or a 
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hand to get in the way of the object or 
action being presented. The demonstra- 
tion of an operation or performance may 
be executed too quickly or be repeated too 
infrequently for pupils to observe it clearly 
and to grasp it in its ntirety. The ex- 
planations which accompany demonstra- 
tions sometimes do not come at just the 
right point, or they are not effective in 
directing pupils’ observations. Pupils who 
present demonstrations are frequently 
allowed to speak too indistinctly or too 
softly for all to hear, and they may per- 
form for the sole benefit of the teacher, 
rather than of the entire class. Sometimes 
they are even permitted to stand with their 
backs to the class. 

It is easy to assume, just because use 
is made of the concrete in teaching, that 
pupils will reap all the possible advantages 
thereof. But these advantages do not 
follow automatically; they must not be 
accepted as a foregone conclusion. A 
demonstration may be so performed that 
it carries little, if any, meaning to the 
learner. He may not even observe that 
which he is supposed to see, or he may 
note individual elements in isolation rather 
than in their relationships. The values 
of direct experience in learning are real- 
ized only when the demonstration is skill- 
fully planned and executed. 

In the first place, provisions should be 
made for all pupils to obtain a clear view 
of the demonstration. The objects and 
apparatus should be of large size, properly 
lighted, and placed in a position where all 
may see. If only small-sized materials are 
available, pupils should be asked to gather 
closely around the demonstrator, with per- 
haps a few of them making the observa- 
tion at a time, or with demonstrations for 
several groups going on simultaneously at 
different points in the room. Sometimes 


the teacher can repeat the demonstration 
several times while walking up and down 
the room, or several samples of materials 
can be passed around the class. 
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In the second place, the demonstration 
must be expertly performed. All neces- 
sary tools, materials, and apparatus should 
be assembled before the class period begins 
so that no time is lost in locating them 
during the observation. If the operation 
of an instrument or model is to be shown, 
it should be checked ahead of time to be 
sure that it is in good working order. If 
complex or difficult manipulations are in- 
volved, they should be tried out in advance 
to assure the required degree of skill. It 
is especially important that pupils who are 
to present demonstrations plan and prac- 
tice them at an earlier time. 

More important, perhaps, than the 
demonstration itself, are the provisions for 
making clear to pupils its purpose and 
value, for directing their attention, and for 
determining the effectiveness of their learn- 
ing. These provisions should also be 
planned in advance. The pupils should 
be given a clear conception of what they 
are to get from the observation, why it is 
important, and what its relationship is to 
the total lesson or to the larger unit of 
study. They should come to regard the 
demonstration as a procedure for facilitat- 
ing the attainment of a certain objective 
rather than as a digression on the part of 
the teacher or as a device to provide for 
their own amusement. 

The instructions to pupils should be so 
planned that their attention is directed 
accurately to the objects, processes, mani- 
pulations, or relationships to be observed. 
The demonstrator must remember that 
pupils may not see or find that which they 
are expected to perceive unless it is 
specifically pointed out to them. If an 
operation or performance is to be observed, 
the various stages therein, together with 
their timirfy and sequence, may require 
special consideration. Frequently a demon- 
stration is much more meaningful if it is 
accompanied by verbal explanation of that 
which is to be observed or if details and 
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relationships which are not obvious are 
sketched on the blackboard. 

Finally provision should be made for 
determining the effectiveness of the demon- 
stration in accomplishing its objective ; that 
is, the results should be evaluated through 
such devices as questions, discussions, re- 
ports, and examinations. These procedures 
will help to make clear to the pupil that 


PuysicaAL SCIENCE Courses 


255 


the observation is a genuine learning exer- 
cise and is not to be regarded simply as a 
time-filler or as entertainment. They will 
also serve to reveal whether any improve- 
ment is needed in the planning or execu- 
tion of the demonstration. Many teachers 
would seek to improve their demonstra- 
tions if they stopped to determine their 
effectiveness. 


THE EVALUATION OF A ONE-YEAR COURSE, THE FUSION OF 
PHYSICS AND CHEMISTRY, WITH OTHER PHYSICAL 


SCIENCE 


SHAILER 


COURSES * 


PETERSON 


University of Chicago 


URPOSE.—Although the original purpose 
P of this study was more limited in 
scope, it was possible to compare the 
achievement of students who had taken a 
one-year course in which both chemistry 
and physics were fused or integrated, with 
the achievement of students who had taken 
one or two years of other physical science 
courses. This study may be described as 
having involved three problems, namely : 
1. The preparation of a one-year course 
of study embodying the fusion and inte- 
gration of both physics and chemistry and 
designed for the secondary level. 2. The 
preparation of a testing instrument by 
which the achievement resulting from any 
high school physical science course could 
be compared with the achievement result- 


* From the author’s thesis, “The Comparison 
of the Achievement of Students in the Tradi- 
tional High School Physics and Chemistry 
Courses Each of One Year’s Duration With the 
Achievement of Students in the Integrated 
Course in Physics and Chemistry Over a One 
Year Period”, unpublished doctor's dissertation. 
Minneapolis, Graduate School, University of 
Minnesota, 1944. The author wishes to acknowl- 
edge the advice, counsel, and encouragement that 
his advisor, Dr. Palmer O. Johnson, gave during 
the progress of this investigation which was 
conducted at the University of Minnesota, and 
during the preparation of the dissertation. 


ing from another type of physical-science 
course. 3. The evaluation of this experi- 
mental course, the Fusion of Physics and 
Chemistry, with the more conventional 
courses of Chemistry, Physics, and Senior 
Science. 

The Fusion of Physics and Chemistry.— 
The purpose of this new course was to 
provide a year-course for those students 
who could not spend two years acquaint- 
themselves with both physics and 
This new course was not in- 
tended another 
type ” course, nor was it intended that it 
should completely replace the usual courses 
It was intended 
that the new course retain the rigor of 


ing 
chemistry. 


to be senior-science- 


in chemistry and physics. 


the better chemistry and physics courses, 
and include the most important concepts 
common to both fields. 

This Minnesota Fused Course was lim- 
ited to include only the principles of chem- 
istry and physics and did not attempt to 
acquaint the student with the principles 
of astronomy, geology, geography, meteor- 
ology, physiology, and other sciences often 
included in high school and college sur- 
vey courses. By limiting the Minnesota 


Fused Course to chemical and physical 
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principles, it was possible to give the 
students an understanding of the most im- 
portant principles commonly taught in the 
better physics and chemistry courses. 

Following an analysis of textbooks and 
literature, conferences with teachers in the 
field and experts in methodology, and after 
experience with teaching-survey courses, 
the first course outline was prepared [1]. 
The materials to be presented were ar- 
ranged with the general plan that each 
concept, principle, and law would be: 
1. introduced descriptively early in the 
course; 2. expanded in some unit follow- 
ing the one in which it had first been 
mentioned; 3. further elaborated upon by 
new applications in later units. 

During the administration of the Min- 
nesota Fused Course the outline was 
altered from time to time but by 1940 a 
very satisfactory form had been developed. 
Therefore during the last three years of 
administration, 1940 through 1942, there 
was practically no change in the course. 
In its final form, the material was pre- 
sented in the twelve units listed below: 

Introduction 

How Can Comfort Be Increased by Air Con- 
ditioning ? 

How Does Science Improve Our Homes and 
Office Buildings? 

How Does Water Control Our Way of Living? 

What Should We Look for When Buying an 
Automobile? 

How Do We Obtain Our Gasoline? 

Do We Obtain Foods and Poisons from the 
Same Molecules? 

Will Plastics and the New Synthetic Textiles 
Make Nations Independent? 

How Do We Obtain the 
Metals? 

What’s Wrong with This Picture? 


What Has Science Done for Communication? 
What Is There Left to Invent or to Discover? 


Most Valuable 


It was originally planned that the Fusion 
of Physics and Chemistry should provide 
an alternate choice for those students who 
had but one year to devote to either Chem- 
istry or Physics. In Minnesota’s Uni- 
versity High School, the new course soon 
took the place of a single year of either 
Chemistry or Physics and as a result 
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Advanced Problems courses in both physics 
and chemistry had to be created for the 
students who, having taken a year of 
Fusion, wished to take more physical 
science. 


The Physical Science Testing Program. 
—In order to make valid comparisons be- 
tween the achievement of students in dif- 
ferent physical science courses, it was 
necessary to have a measuring instrument 
possessing certain qualities. Such an in- 
strument should: 1. have the proper level 
of difficulty for 10th, 11th, and 12th grade 
pupils; 2. provide a measurement of 
achievement in physics and chemistry for 
students in any one or all of the high 
school physical-science courses; 3. be an 
achievement test rather than an aptitude 
test; 4. provide a profile of scores in ad- 
dition to a single gross score. 

There was no test available that claimed 
the features required and therefore it was 
not possible to use one which had already 
been nationally standardized. A test was 
constructed and, like the course itself, it 
went through several revisions during the 
years of experimentation. In its final 
form, it contained 155 items, took 100 
minutes for administration and included 
the following thirteen units or sections: 

Apparatus and its uses 

Periodic chart and concepts relating to atoms 
and molecules 

Recognizing chemical abbreviations and their 
meaning 

Problems dealing with weight, volume, energy, 
and force 

Associations of common names and formulas 

Chemists and physicists and reasons for their 
fame 

Metric system and mathematical constants 

Practical problems that use physics 
chemistry 

Scientific reasoning and using the scientific 
method 

Writing and balancing chemical equations 

Miscellaneous analytical tests 

Laboratory procedures 

Ionization, electrolysis, and electricity 


and 


The validity of the examination was 
established by examining the profile of 
correlations between test scores on this 
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examination with scores of the same groups 
of individuals on other measures. Experts 
in the field were also employed to assist 
in the study of its validity. The item-unit 
correlations were computed on all items, 
using the score on each unit as the best 
available measure of achievement in that 
area and computing a tetrachoric r on 
the basis of the ease with which the good 
and poor students answered each item in 
the unit. The item-unit correlations have 
a median value of +.62. The examination 
as a whole was rather difficult having a 
median of 33%, i.e. on an average an 
item could’ be answered by 33% of the 
students. This difficulty would vary with 
different groups and those groups which 
possessed a good knowledge of both 
physics and chemistry found the items as 
a whole much easier. Inasmuch as the 
examination was designed to cover a great 
deal of information, one cannot judge the 
difficulty of the items by usual standards 
for by these the test would appear much 
too difficult. 


The coefficients of reliability computed 
by Kuder-Richardson Formula No. 20 [2] 
is .9 for the entire examination and the 
reliability of individual sections for some 
groups of students is in some instances as 
low as .1 and as high as .8 for others. As 
a result of this wide range of unit reli- 
abilities, it was not always advisable to 
employ all the individual part-scores when 
comparing the achievement of various 
groups. The reliability with which each 
unit tested an independent skill varied 
widely, with the inter-unit correlations 
ranging from zero to +.9. 

Survey of the Literature —A great deal 
has been written about survey courses at 
the junior college and university levels 
and a few evaluation studies have been 
conducted. At the secondary level, much 
has also been written about integration and 
fusion but relatively little has been done 
to produce fused or integrated science 
courses that could be used in the senior 
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high school. The three textbooks, Senior 
Science [3], Consumer Science [4], and 
Our Physical World [5], are the only text- 
books which have been produced in spite 
of the fact that prior to World War II 
integrated science courses at the senior 
high school level were reported [6, 7, 8, 9] 
to be gaining in popularity. A number 
of enterprising teachers have developed 
courses of study for their own physical 
science surveys and while a few of these 
have been referred to in the literature, only 
one or two of these courses [1, 10, 11] 
have been described well enough to give 
the reader any concept of what was being 
tried. 

Little or no attention has been given to 
comparing the physical science survey 
courses at the secondary level with the 
conventional physics and chemistry courses, 
Heidel [12] made some comparisons be- 
tween a senior science course and a physics 
course and Rosenlof and Wise [13] re- 
ported a comparison between an integrated 
course and the conventional courses, 
Physics and Chemistry. Heidel’s evaluation 
employed good design and acceptable statis- 
tical methods of analysis of variance and 
and that the 
science course was less effective in teaching 


covariance showed senior 
the principles included in recognized physics 
examinations than the conventional physics 
He found that the 
science course was as effective as the con- 
ventional physics course in teaching general 
science material, consumer information, and 
consumer applications. 


course. also senior 


From the Rosenlof and Wise report [13], 
little can be told about the nature of the 
experimental ccurse except that is was one 
including both physics and chemistry priv- 
ciples. The comparisons in achievement 
were made between the experimental course 
and control courses in physics and chem- 
istry but the methods they employed of 
estimating gains by unproven assumptions 
makes the study meaningless. While the 


calculations and statistical methods of these 
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authors are liable to serious criticism, they 
seemed convinced that their physical science 
course was superior to the conventional 
physics and chemistry courses. 


Leaders in science education and ex- 
ponents of survey courses in the physical 
sciences have been pointing out for some 
time that there is a need for more studies 
which would evaluate the results of various 
courses of study. Except for Heidel’s care- 
ful but rather limited study and the Rosen- 
lof and Wise report whose findings are not 
convincing, there have been until this re- 
port no published accounts of studies in 
which the various senior high school science 
courses had been evaluated. 

The Design of the Experiment—The 
Fusion of Physics and Chemistry was 
taught by the author and by the student 
teachers in the College of Education and it 
was taken by freshmen, sophomores, 
juniors, and seniors in the University of 
Minnesota High School from 1937 to 1942. 
The control classes in Physics, Chemistry, 
Senior Science, and Consumer Science 
were taught during these years in high 
schools located in the east and middle west, 
and during part of the experiment con- 
ventional Physics and Chemistry were also 
offered in the University High School. It 
was originally planned that control classes 
in Physics and Chemistry be offered in 
University High School throughout the ex- 
periment. This was found to be impossible 
because there were finally no students who 
would elect to enroll in the control courses. 

The factors of sex, chronological age, 
mental age, intelligence quotient, school 
year, previous science .courses, school 
grades, years of science, years of mathe- 
matics, and pretest scores were investigated 
as possible factors to be controlled in com- 
paring the groups. Evaluation of these 
factors was made by analysis of variance, 
method of Chi Square, and analysis of 
differences between means. The final eval- 
uation of student achievement was made by 
employing the Johnson-Neyman method 


ScIENCE EDUCATION 


[Vor. 29, No. 5 


of analysis [14] in which two significant 
factors could be controlled. For this latter 
method of analysis, the author designed a 
worksheet which was similar in many re- 
spects to one designed by Butsch [15]. 
The author’s worksheet * lends itself to 
easy checking and to machine calculation. 

The achievement of students who had 
had one year of the Fusion of Physics and 
Chemistry was compared with the achieve- 
ment of students who had had 1. one year 
of chemistry, 2. one year of physics, 3. 
one year of senior science or consumer 
science, 4. one year of chemistry as well 
as one year of physics, 5. advanced science 
courses in University High School, and 
6. college physics. 

During the concluding portion of the 
study, useful data from about a thousand 
cases were available. During the earlier 
part of the experiment, a similar number 
of cases assisted in the development of 
techniques and in the collection of prelimi- 
nary, pilot data. 

Analysis of Experimental Data.—It does 
not appear likely that the organization of 
the new Fused course and the methods 
of teaching it were developed to a high 
degree during the first years of this ex- 
periment. However, it was only during 
these very first years that both the Fused 
course and the traditional physics and 
chemistry courses were taught by essen- 
tially the same personnel, with the same 
equipment, and in the same school, Uni- 
versity High School. It is therefore fitting 
that some attention be given to these early 
comparisons before examining the data 
obtained later. 


Table 1 gives the statistics necessary for 
comparing the University High School 
groups which had had either the Fusion 
course, traditional Chemistry, traditional 
Physics, or both traditional courses. An 
analysis of variance showed that there were 
no significant differences among either the 


* Copies of the author’s worksheet may be 
obtained from him. 
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TABLE 1 


MEANS AND STANDARD DEVIATIONS FOR STATISTICS REQUIRED TO COMPARE THE ACHIEVEMENT 
or Earty Hicu Scuoor Ciasses (1938 ann 1939) 


Types of Preparation 


Fusion of Traditional 
Physics and Traditional Traditional Chemistry and 
Statistics Chemistry Chemistry Physics Physics 
Chronological 16.75 16.57 17.08 17.42 
Age (.737) (.697) ( .882) (.663) 
Intelligence 115.4 120.4 124.0 118.5 
Quotient (11.7) (13.2) (10.8) (10.0) 
Pretest on Peterson 
Physical Science 35.00 31.36 39.11 65.61 * 
Comprehensive (11.9) (10.9) (9.76) (17.8) 
Final on Peterson 
Physical Science 97 .87 108.7 67.44 96.39 
Comprehensive (29.4) (23.6) (19.6) (17.0) 
Cases 36 25 9 25 


* Administered after student had completed one of the two courses. 


chronological ages or the intelligence quo- 
tients of these four groups. Analysis of 
variance also showed that there were no 
significant differences among the mean pre- 
test scores of the three groups which were 
taking .a physical science course for the 
first time. A comparison of the final 
achievements of the groups showed that 
there were no significant differences between 
the final achievement of the Fusion group 
and the group that had taken either tradi- 
tional chemistry or the group that had taken 
both physics and chemistry. There was a 
significant difference between the achieve- 
ment of the Fusion group and that of the 
traditional physics group and this differ- 
ence is in favor of the Fusion group. 
Figure 1 shows how the final achieve- 
ment of University High School students 
in the Fusion of Physics and Chemistry 
during 1941 and 1942 compared with stu- 
dents from other schools who had taken 
the more traditional physical science 
courses. It will be noted that these test 
scores are lower than those indicated in 
Table 1 and this is because the test used 
during the last years of the experiment 
was shorter than any of the preceding 
forms. Figure 1 includes only groups 
about which considerable information could 


be collected and small groups and classes 
have not been included. 

Analyses indicated that it was justifiable 
to combine or pool the data from the 
Fusion classes for these two years and 
thereby have only one experimental group 
with which to make comparisons. During 
both of these years, the same general plan 
of instruction had been used. The author 
himself had done a large proportion of 
the teaching and had planned and super- 
vised all of the instruction including that 
which was done by student teachers. More- 
over, comparisons of the groups indicated 
that they were sufficiently homogeneous to 
justify a pooling of their achievement. For 
example, the difference between mean IQ 
of the groups was 1.962 and this is not 
significant at either the five or one percent 
level. Moreover, neither the differences 
between mean chronological ages of 0.059, 
nor between the final scores of 2.452, were 
statistically significant. 

It was not possible to pool any of the 
other groups or classes. In the first place, 


there were relatively few instances in which 
the teaching and method had been suffici- 
ently similar to warrant such a pooling. 
Moreover, analyses of variance on various 
measures indicated that it was improbable 
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FIGURE 1 
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that the groups represented the same popu- 
lation. In order to compare the achieve- 
ment of the Fusion group it would there- 
fore be necessary to compare it with all 
of the different groups or with selected 
representative groups. The groups selected, 
such as a group which had had only 
chemistry, only physics, only senior science, 
or both chemistry and physics, were 
chosen on the basis of their good showing, 
adequate size, and assurance that the school 
or class had had a good and representative 
course. By choosing the classes that dem- 
onstrated relatively high achievement, there 
was no likelihood that the control methods 
were being discriminated against. In fact, 
many would say that bias was being intro- 
duced in favor of the control methods by 


such a method of selecting representative 
classes. 

In order to compare the achievement of 
the Fusion group with other groups, it 
was necessary to know what measurable 
factors were sufficiently related to achieve- 
ment that they should be controlled. In 
the different groups, the correlation co- 
efficients between chronological age and 
final achievement ranged from zero to 
—.50 and that between intelligence quo- 
tient and final achievement ranged from 
+.32 to +.64. School marks and final 
achievement gave a biserial r of +.66. 
There was no significant difference between 
the achievement of students who had had 
a previous science course such as biology 
and those who had not. There was no 
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significant difference between the achieve- 
ment of students who had had varying 
amounts of science prior to the Fusion 
course. Similarly the number of years of 
mathematics was not found to affect the 
pupils’ physical science achievement. 
While there were no ‘significant differ- 
ences in mental ability between the pupils 
from the different grade levels, the final 
achievement of the 9th and 10th grade 
Fusion pupils was significantly higher than 
that of the 12th graders but not sufficiently 
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higher than the llth grade achievement 
to make it significant. While the llth 
grade Fusion pupils did better than the 
12th graders, this difference was not large 
enough to be statistically significant. 
While there was no statistical difference 
between the mental ability of the boys and 
girls in the Fusion classes, the achievement 
of the boys was significantly higher on the 
physical science examination than that of 
the girls. This same trend was found in 
the other physical science courses in this 


FIGURE 2 
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experiment although in not all instances 
was the difference large enough to be 
statistically significant. 

The same comprehensive physical science 
examination was given as both a pretest 
and final test in as many of the schools 
and classes as possible. Because of the 
very nature of this examination, it was not 
designed to measure the small amount 
of physical science that the student might 
have learned from his general science and 
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the final achievement of the pupils having 
had different kinds of training, all of the 
relationships were considered. It was de- 
cided that the groups should be statistically 
matched on the basis of mental ability and 
it seemed most practical to do this by con- 
trolling both intelligence quotient and 
chronological age. This was done using the 
Johnson-Neyman method of analysis [14]. 

This Johnson-Neyman method has sev- 


eral distinctive features which makes it 


TABLE 2 


Sratistics COMPARING THE Fusion Group witH Four Groups Havinc Hap 
OruHeR KINDS OF PREPARATION 


Correlation between 


Difference 


between this Conclusions 


Final Final penis cA Mean Values Fusion grou» based on 
Preparation and and and —_ Johnson-Neyman 
of Group 1Q CA 1Q 1Q CA Final Observed Adjusted Analyses 
Fusion of 
Physics and 
Chemistry +.49 —.51 —.51 116.52 16.46 48.08 
Physics only +.42 —.06 —.45 117.39 17.32 25.02 +23.07 +-23.67 Fusion 
superior 
Chemistry only +.37. —.18 —.44 108.56 16.80 27.15 +20.94 +15.12 Fusion 
superior 
Physics plus 
Chemistry +.64 —.04 —.09 117.57 17.63 35.29 +12.80 + 5.41 Fusion 
superior 
Senior Science 
only +.63 —.36 —.24 103.05 17.41 22.85 +25.25 +13.34 Fusion 
superior 


his general reading but instead to cover 
the fields of high school physics and chem- 
istry. This factor of the test construction 
made it impossible for beginning students 
in the physical sciences to get more than 
a few scattered points on the examination 
with nearly all of them clustering around 
a very low score. It would appear from 
this fact that the test was certainly not 
adapted to securing a pretest score except 
for those pupils who were about to take a 
second year of the physical sciences. In 
spite of these low pretest scores and the 
clustering effect, the correlation between 
pretest and final scores was about +.40 
for the Fusion group and in some classes 
this correlation was as high as +-.60. 

In order to decide which of the various 
measured factors to control while studying 


a very useful statistical device. By this 
method, it is possible to adjust the criterion 
measure so that the groups are equivalent 
on the bases of two independent variates. 
It is possible to show graphically for what 
values of these two independent variates, 
differences between the means of the groups 
on the criterion measure is non-significant 
as indicated by the line of non-signifi- 
cance. Moreover, such a graphic repre- 
sentation can also indicate for what values 
of the two independent variates one could 
predict from the available data that the 
differences between the means of the 
groups would be great enough to be sig- 
nificant at any specified level of significance. 

Figure 2 shows the graphic representa- 
tions made possible by the Johnson-Neyman 
method. These four graphs were chosen 
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because they represent sample comparisons 
between the Fusion group and four con- 
trol or comparison groups each repre- 
senting a different kind of preparation. In 
these four graphs, the lines of non-signifi- 
cance (marked N-S Line) indicate the 
values of the independent variates, IO and 
CA, for which there is no difference be- 
tween the achievement of the Fusion group 
and the other group in question. The 
shaded areas indicate the regions of sig- 
nificance. It may be interpreted that for 
all systems of values of the matching vari- 
ates, IO and CA, lying within the region 
of significance, the difference between the 
means of the two groups under comparison 
is statistically significant at the .01 level. 
This, of course, must be interpreted as 
true only for that population for which 
it is possible to generalize from the partic- 
ular experiment. 

For each of the comparisons, values for 
both IQ and CA have been determined 
at which the variance of the best linear 
estimate of the difference between the mean 
achievement of the two groups is at its 
minimum. By equating the IO and CA 
of both experimental and control groups 
to these values, the difference between the 
mean achievements was computed and the 
level of significance of each was determined. 
In all of these four cases, these differences 
were found to be significant at the .01 
level. These observed and adjusted differ- 
ences between means are shown in Table 
2 along with other statistics of these five 
groups. 

Comparisons showed that no_ single 
group is consistently superior on all parts 
of the comprehensive examination. How- 
ever, the test reliability of cach of these 
part scores is not sufficiently high to war- 
rant dependable comparisons on all parts 
of the examination. Analyses of variance 
were computed on the basis of the part 
scores for the many grouns under consid- 
eration and these all revealed that the 
differences between the part score means 
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were significant at the .01 level. These 
analyses would indicate great variability 
between the performance of these various 
groups on both part scores and total scores. 

Conclusions—This experiment demon- 
strated the practicality of developing a 
one-year physical science course that in- 
cluded a large proportion of the facts, 
concepts, and principles commonly found 
in most traditional chemistry and physics 
courses. It was also found possible to 
construct a single measuring instrument 
that is useful for courses offering either 
chemistry, physics or both. 

Under controlled conditions in which 
intelligence quotient and chronological age 
were statistically equated, the physical 
science mean scores of students who had 
had one year of the Fusion of Physics and 
Chemistry were significantly higher than 
that of students who had had either 1. one 
year of traditional Physics, 2. one year 
of traditional Chemistry, 3. one year of 
Senior Science, or 4. one year of tradi- 
tional Physics plus one year of traditional 
Chemistry. The general conclusion can 
also be drawn that the Fusion group does 
as well or better than the other groups 
on most of those objectives represented 
by part-scores on the comprehensive ex- 
amination. From the areas of significance, 
it can be concluded that the superior 
achievement of students in the Fusion 
course was not narrowly limited by the 
factor of 10. Moreover, it would seem 
that all students who are no older than 
those ordinarily enrolled as juniors and 
seniors in high school should profit more 
from the Fusion course than from the con- 
ventional courses. 

It was found that in the Fusion of 
Physics and Chemistry, as in many of 
the other physical sciences, the boys did 
significantly better than the girls although 
there was no significant difference between 
the IQ's of the boys and the girls in the 
Fusion class. In the Fusion class, while 
there was no significant difference between 
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3 the IQ’s of students from the different 
a grade groups, the 9th and 10th graders 
a did better than the 11th graders and the 


llth graders did better than the 12th 
graders on the physical science examina- 
x. tion. Moreover, the 9th and 10th graders 
\ performed significantly better than the 12th 
graders. 

It was demonstrated by the groups who 
returned the following year to study more 
physical science that only a small amount 
of the information and skill acquired in 
the Fusion class was lost or forgotten 
during the summer vacation. 

In final summary, the author concludes 
that the Fusion of Physics and Chemistry 
has much to commend it as a substitute for 
the traditional one-year courses of Physics, 
Chemistry, or Senior Science and that the 
Fusion course should even be considered 
a possible substitute for two years of the 
usual Physics and Chemistry. 
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TEACHING REPORTS 


A STUDY OF DIFFUSION 


A understanding of the nature of matter 
is promoted by familiarity with the 
process of diffusion. This study is made 
more valuable if results are shown in a 
quantitative way. The demonstration may 
be readily made by using hydrogen chloride 
(HCl) and ammonia (NH3). These are 
caused to diffuse from the opposite ends 
of a glass tube. At the point at which they 
meet a sheet of ammonia chloride (NH,C1) 
appears and is quite clearly defined. 

A relatively large tube is used for this 
purpose. A suitable diameter is about five 
centimeters. The tube should be about 100 
centimeters or more in length. Both the 
diameter and length may be varied. To 
carry out an easy demonstration a cotton 
plug is made for each end of.the tube. The 
cotton should be weil packed so that each 
plug fits snugly into the end of the tube. 
The tube is supported horizontally approxi- 
mately two feet above the demonstration 
desk. A condensor clamp on a stand serves 
satisfactorily as a support. An evaporating 
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Fic. 1 


dish is used to receive ten ml. of hydro- 
chloric acid. Another evaporating dish 
has a similar quantity of ammonium hy- 
droxide. It is well to have two persons 
working together to complete the demon- 
stration. Each person takes one of the 
plugs and dips it into the liquid in the 
evaporating dish. In each instance care 
must be exercised that the plug does not 
have excess liquid which will drop. As 
nearly simultaneously as possible, each 
plug is placed in the end of the tube. In 
a few minutes (depending upon the length 
of the tube) a thin sheet of ammonia 
chloride appears in the tube. Its distance 
from each of the plugs of cotton is meas- 
ured if a quantitative study is to be 
attempted. 


Fic. 2 


Error may be introduced because of the 
lack of definite boundary at the end of the 
cotton plug and by any air currents pro- 
duced as the plugs are inserted. Because 
of such sources of error this particular 
method is more useful as a qualitative 
demonstration. However, if the operations 
are performed carefully the results may be 
used for a quantitative study. This par- 
ticular procedure has the advantage of sim- 
plicity of construction. 

More accurate results may be obtained 
by introducing each of the liquids through 
a type of trap at the end of the tube (Fig. 
2). The same horizontal tube is used. 
Each end is fitted with a two-hole rubber 
stopper. The stem of a thistle tube is 
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bent at a right angle at a point about five 
centimeters below the funnel. The bent 
stem is inserted in one of the holes of the 
rubber stopper. The projecting stem is 
again bent at a right angle so that its axis 
is parallel to that of the original stem. A 
piece of glass tubing about eight centi- 
meters in length is bent at a right angle 
and placed in the other hole of the stopper. 
The stopper for the other end is fitted 
similarly. By this means, air currents 
through the tube are prevented. Two 
porcelain covers of small crucibles (diam- 
eter of approximately 20 mm.) are inverted 
and placed near the ends of the tube. The 
projecting funnel stem is cut to such length 
that liquid inserted in the thistle tube flows 
directly into the cup formed by the inverted 
crucible lid. 

A quantity of about three milliliters of 
ammonia hydroxide is measured and placed 
in a test tube. A corresponding quantity 
of HCl is placed in another test tube. As 
nearly simultaneously as possible, the liquid 
in each is poured into the thistle tube. In 
a few minutes a sheet of ammonia chloride 
appears in the tube. The distance from the 
sheet to each cup is measured. 

These distances may be used as the learn- 
ing situation would suggest. The demon- 
stration may be used at the beginning of 
the study, the distances obtained above 
being used as data for which a quantita- 
tive relation is to be determined, through 
further experimentation and study. An- 
other approach would utilize the results to 
determine the relative densities of the two 
gases, the formula being unknown. A third 
approach is that of verifying a known prin- 
ciple which, in this instance, is expressed 


_ mathematically as 


jdensity of NH, ___ distance of HCI 
WV density of HCl distance of NH,OH 


(distance means the distance from the 
sheet of NH,Cl to the cup). In this ap- 
proach the appropriate substitutions are 
made and the indicated calculations com- 
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pleted. The correspondence of the two 
quantities obtained is assumed to verify 
the principle. 

J.S.R. 


AIR RESISTANCE AND 
STREAMLINING 


The determination of the relationship of 
streamlining to air resistance is a study 
appropriate to physical science and aero- 
nautics classes. The resistance effects of 
objects having various shapes and sizes in 
various air velocities may be studied in a 
quantitative manner with the apparatus 
described. 

The equipment includes objects fitted 
with suspension rods of equal length (from 
the center of the object to the point of 
suspension). The objects are: a disk, a 
cylinder, a sphere, a streamlined body, each 
with the same diameter. This diameter is 
about 3.5 inches. There are two smaller 
spheres of different diameters and a dummy 
support rod. The streamlined body is of 
the optimum proportions, the length being 
four times the diameter. Each suspension 
rod is provided with a hole midway be- 
tween the point of suspension and the 
center of the object. 

A fan or other source of air stream pro- 
vides the wind. 

Two methods of measuring the resistance 
to the air are provided (Fig. 1). One of 
these is the spring balance, (B), which is 
arranged to measure the force at the center 
of the support rod. The second is a bal- 
ance arm, (E), which may be clamped on 
any of the support rods. The balance arm 
is graduated so that a weight located at 
the last division on the arm produces a 
force equal to some smaller reading on the 
spring balance. 

A drum, (A), with set screw affords 
a convenient method of adjusting the length 
of the string suspending the balance. A 
zero gauge, (D), facilitates a vertical 
setting of the suspension rod. The gauge 
is independently supported and consists of 
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two upright rods between which the sus- 
pension rod swings. 

The velocity of the air may be deter- 
mined by means of a pitot tube and manom- 
eter or an anemometer. A smoke apparatus 
may be assembled as shown. The disk is 
suspended in the position of the stream- 
lined body in the figure. The balance arm 
need not be used. The hook, (C), is 
attached to the hole in the center of the 
suspension rod. The string hangs loosely, 
with no pull on the balance. The zero 
guide, (D), is so adjusted that the suspen- 
sion rod hangs exactly in the zero position. 

The wind is turned on with maximum 
force. The drum, (A), is turned and the 
spring balance is pulled up until the sus- 
pension rod hangs again in the zero posi- 
tion. The thumb screw is tightened and 
the spring balance read. Half of this read- 
ing is the force of the air on the body. 

Smoke from the smoke bottle is directed 
into the air stream and the behavior of 
the air current in the region of the object 
noted. 

The disk is removed and the pitot tube 
placed in the same position. The air speed 
is determined. The open end of the gauge 
is so placed that it is not affected by the 
air stream from the fan. Corresponding 


readings with the other objects and with 
the dummy support rod are secured. The 
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cross arm, (FE), is used to determine the 
readings with the streamlined object and 
the dummy support rod and may be used 
with other objects if desired. 

The above procedure is repeated with 
reduced air speeds. The air speed may be 
reduced by placing the fan at a greater 
distance. 

In the laboratory the value of K in the 
formula K = 2F/paV? is computed. It is 
recognized that this value is considerably 
in error because of the turbulence on the 
leeward side of the disk. A record of the 
air resistance of each object at each air 
speed is made, the correction for the effect 
of the support rod being included in the 
calculations. A curve for each set of values 
is plotted on graph paper, the air speeds 
in feet per second as the abscissae and the 
forces as ordinates. 

Students note the appearance of the tur- 
bulence for each object, and the air speed 
at which the turbulence begins. The curves 
in the graphs are interpreted, and the 
amount of reduction of air resistance due 
to streamlining is determined. The appli- 
cation of the conclusions to such structures 
as struts of aircraft is studied. 

The apparatus described in this article 
was developed by Dr. Ray Lambert at 
Walnut Hills High School, 
Ohio. 


Cincinnati, 
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EDUCATIONAL TRENDS 


FEDERAL SUPPORT FOR THE DISCOVERY AND DEVELOPMENT 
OF SCIENTIFIC TALENT 


On November 17, 1944, President Roose- 
velt submitted a letter to Dr. Vannevar 
Bush, Director of Office of Scientific Re- 
search and Development, requesting judg- 
ments and recommendations relative to 
national support of scientific research and 
the discovery and development of scien- 
tific talent in the United States. Com- 
mittees were appointed by Dr. Bush’s office 
to consider these urgent matters. On July 
5, 1945 Dr. Bush submitted a report to 
President Truman. This report, Science 
The Endless Frontier, includes detailed 
recommendations submitted by the Com- 
mittee on Discovery and Development of 
Scientific Talent, under the chairmanship 
of Henry Allen Moe. . The present article 
reviews this section of the report and the 
Mannuson and Mills bills submitted to the 
first session of the 79th Congress of the 
United States wherein the purposes of the 
Bush Committee report are submitted for 
the consideration of the elected representa- 
tives of the people of the United States. 

The Problem.—-The Committee report 
assumes that: “The intelligence of the 
citizenry is a national resource which tran- 
scends in importance all other resources. 
To be effective, that intelligence must be 
trained.” It proceeds to document the 
assumption that large numbers of youth of 
high intelligence fail, for economic and geo- 
graphic reasons, to secure the training of 
which they are capable. Sample studies 
and data are the following. 

The 1940 census shows the following 


percentage of young people attending school 
at each age group: ; 


Percent attending school in each age group 


Age group Percent attending school 
5 to 6 years 43 

7 to 13 years 95 

14 to 15 years 90 

16 to 17 years 68 

18 to 20 years 23.6 

21 to 24 years 5.1 


It will be noted that-the decline in at- 
tendance from age 17 on is rapid and that 
all but 5% have dropped from school in 
the college years of 21 to 24 years of age. 

If the assumption could be defended that 
these drop-outs are the result only (or 
largely ) of lack of ability no problem would 
exist. That such an assumption is un- 
tenable is demonstrated by such data as 
the following. 

The well-known Carnegie Foundation 
study ' of the relationships between Penn- 
sylvania high schools and colleges disclosed 
that the colleges accepted nearly 1,000 stu- 
dents with test scores below the average 
of the group who did not go to college, 
and that they failed to enroll 3,000 students 
who had better average test scores than 
the 4,000 students they did admit. 

The Committee on Educational Research 
of the University of Minnesota began a 
study * in 1938 of the students who grad- 
uated from high school in that year to de- 
termine what they were doing a year later. 
The findings included the following : 

1Learned, W. S. and Wood, Ben D. The 
Student and His Knowledge. Carnegie Founda- 
tion for the Advancement of Teaching. Bul- 
letin 29 1938. 

2 Anderson, G. L. and Berning, T. J. “What 
Happens to High School Graduates?” Studies 
in Higher Education, Biennial Report of the 


Committee on Educational Research, 1938-40. 
University of Minnesota, 1941. 
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22,306 young people finished their high 
school education in June, 1938. Approxi- 
mately 23% of these were enrolled, the 
following school year, in colleges and uni- 
versities, and another 12% were receiving 
formal training in other kinds of schools; 
e.g., trade schools, business colleges. 

That there was little relationship between 
college attendance and academic ability is 
demonstrated by the facts that: for every 
high school graduate who had been in the 
upper 10% of his high school class and 
entered college there was another high 
school graduate who had also been in the 
upper 10% of his high school class but 
who did not enter college, and for every 
graduate who had been in the upper 30% 
of his high school class and who entered 
college there were two graduates who had 
ranked in the upper 30% of their high 
school classes who did not enter college. 

It was further found that the sons and 
daughters of fathers engaged in the man- 
agerial and professional occupations indi- 
cating high socio-economic status were 
several times more likely to continue their 
education in colleges and universities than 
were the sons and daughters of fathers 
who were unskilled laborers or farmers. 

The conclusion of the Minnesota Com- 
mittee is epitomized in their statement :* 


“It is no longer safe to assume—if it ever was 
—that the most intelligent high school graduates 
go to college. It is of fundamental importance 
for all the people of the State to know how gen- 
erally young people who would make the best 
teachers, lawyers, accountants, doctors, engineers, 
and statesmen are able to attend colleges and 
universities. It has been assumed traditionally 
that the most capable high school graduates go 
to college. It is suggested by this study, how- 
ever, that geography and the economic resources 
of the family are perhaps as closely related to 
college attendance as is intellectual fitness.” 


That the income of parents is directly 
related to college attendance of sons and 
daughters is suggested by a study con- 
ducted by Helen B. Goetsch on slightly 
more than a thousand students who grad- 
uated from Milwaukee high schools during 


3 Ibid. p. 39. 
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the years 1937 and 1938. All of these 
students had IQ’s of 117 or over. The 
relation of college attendance tc parental 
income is indicated in the following table 
from the Goetsch study: 


Relation of Parental Income to College 
Attendance 


Percent in college 


Parental income full time 


$8,000 or over 100.0 
5,000 to 7,999 92.0 
3,000 to 4,999 72.9 
2,000 to 2,999 44.4 
1,500 to 1,999 28.9 
1,000 to 1,499 25.5 

500 to 999 26.8 
under 500 20.4 


Other studies could be reported that sub- 
stantiate and give validity to the conclusion 
reached by the Committee on Discovery 
and Development of Scientific Talent. 
Those indicated give, perhaps, sufficient 
basis for the Committee’s conclusion, which, 
as stated, is this: “ At present the oppor- 
tunities for education beyond high school 
are accidental to too large an extent—de- 
termined by the accidents of geography and 
economic income. We seek, in this consti- 
tutional Republic, as respects science and 
engineering, to train for the national wel- 
fare the highest ability without regard to 
where it was born and reared and without 
regard to the size of family income.” 


The Long Range Plan.—The Committee 
proposes a long range plan and immediate 
steps that should be taken to meet the prob- 
lem of discovery and training of those of 
high scientific promise. It is fully recog- 
nized by the Committee that fields other 
than science—also essential to the life of 
the nation—require men and women of 
top flight abilities, and the quotas recom- 
mended for science training are conserva- 
tive in recognition of this fact. 


Selection and quotas—The Committee 
admits to no omniscience in the selection 
of young people who will assuredly give 
top future leadership in science. Their 
proposal demands point to point proced- 
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ures in selection of qualified youth and 
stock taking along the way of their careers 
to weed out those who would not profit 
from further training. 

The quotas of young people to be se- 
lected for training at government expense 
are determined on the following basis: 

In 1941 there were 53,534 undergrad- 
uate degrees conferred in the natural sci- 
ences and technology. In the last 6 years 
before the war, the average yearly number 
of Ph.D. degrees awarded in these fields 
was 1,649. The American Institute of 
Physics has calculated that there is a total 
deficit of trained scholars (doctoral de- 
grees) in the fields of natural science and 
technology, as the result of war, of 16,870 
individuals. Therefore, for some years to 
come, the average annual number of stu- 
dents trained through the doctorate must 
be increased to lessen this deficit. 

Based upon these data and others, the 
Committee has concluded that 6,000 stu- 
dents annually (10 percent of the average 
number of annual prewar graduates) 
should be selected for assistance in ob- 
taining the bachelor’s degree in natural 
science, and 300 students annually should 
be selected for assistance in work leading 
to the doctorate, including medical research 
doctorates. The later number was arrived 
at by taking 10 percent of the prewar aver- 
age of doctorates in science and adding a 
number in the endeavor to make up the 
serious deficit that has occurred during 
wartime. 


The Committee emphasizes that the 
figures arrived at for quotas for national 
undergraduate scholarships and pre-doc- 
toral fellowships are “ reasonable ” figures 
and not provable in any supply and demand 
sense. The quotas are thought of as good 
quotas to begin with, for adjustment as a 
study of the need and future experience 
makes clear. 

With 6,000 undergraduates and 300 doc- 
toral level students selected and beginning 
training each year, the plan, in four years 
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would involve a total of 24,000 undergrad- 
uates and a maximum total of 900 grad- 
uate students (assuming 2- to 3-year pro- 
grams for the doctoral group. ) 

The selection of the undergraduate stu- 
dents (to be known as National Science 
Reserve Scholars) is as follows: 

The 6,000 proposed scholarships should 
be assigned to the States of the Union, in- 
cluding Territories and Insular Posses- 
sions, on the basis of the number of their 
secondary school graduates of the previous 
year as related to the national total of 
secondary school graduates. 

The plan of selection should, according to 
the proposal, be handled by a proposed 
‘““ National Scientific Research Foundation ” 
or similar organization. This organization 
would make arrangements for the work of 
selection to be handled by the National 
Research Council of the National Acad- 
emy of Sciences. Advisory boards would be 
set up to determine and utilize the most 
effective and valid methods of selection. 


Committees of selection would be set up 
in each State. These committees would 
consist of five members, three of whom 
would be scientists; one, a member of a 
college or university faculty, trained and 
experienced in selection and guidance ; and 
one representative of secondary education 
within the State. It is suggested that one 
of the scientists be from agriculture or 
industry within the State. 

The national administrative staff, in co- 
operation with its advisory boards, would 
prepare evaluation instruments and admin- 
ister these tests to all applicants throughout 
the country. The test reports, together 
with other relevant data and judgments, 
would be sent to the national organization 
for evaluation. The national organization 
would then certify to the State Committees 
a number of qualified candidates equal to 
twice the State’s quota (in no circumstance 
would any applicant be certified who 
scored below a minimum national, stand- 
ard.) The credentials of these applicants 
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would be sent to the State Committees 
who would have the responsibility of 
making the final selections of the Scholars 
up to the number of the State’s quota. 

The selection of the doctoral level stu- 
dents (to be known as the National Science 
Reserve Fellowships) is to be made on the 
basis of use of similar evaluation instru- 
ments but on a national basis without re- 
gard to State quotas. 

Both the fellowships and scholarships are 
to be awarded on the sole basis of merit, 
without regard to sex, race, color, creed, 
or need. It was felt by the Committee that 
attempts to administer a program of selec- 
tion in which need was a criterion, would 
be impracticable and open 
manipulation. 


to political 


Scholarships awarded are to be valid 
for 4 academic years or the equivalent. 
Fellowships are to be valid for the dura- 
tion of graduate study leading to the doc- 
torate, up to a maximum of 3 academic 
years or the equivalent. Applicants for 
fellowships may include scholars under the 
plan but on an equal basis with all other 
qualified applicants. 

Scholars and Fellows may continue under 
the plan, upon the following conditions: 
Continuance of good health; continuance 
of good behavior; and scientific progress 
in studies and work at the level of the 
upper quarter of former students in the 
science departments primarily concerned. 
If a Scholar or Fellow drops out of the 
program for failure or any other reason 
the scholarship or fellowship lapses. Al- 
ternates are not allowable. 


Scholarships and Fellowships are valid 


for any college or university in the country, 


including possessions, subject to the advice 
and consent of the awarding agency con- 
cerning available scientific facilities for 
the work proposed. Change of institutions 
is permissible subject to the consent of the 
awarding agency. 

Financial Sup port—The Committee pro- 
poses that the basis of support for Scholars 


DISCOVERY AND DEVELOPMENT OF SCIENTIFIC TALENT 


271 


under the plan be the same as that provided 
by Congress in the so-called GI Bill of 
Rights. Each Scholar would secure tuition 
and other fees up to $500 annually and, 
for purposes of personal support, $50 a 
month during the months actually engaged 
in full-time study. As the benefits are not 
restricted to the young or recent high 
school graduates it is provided that mar- 
ried Scholars should receive, as in the GI 
Bill of Rights, $75 monthly for support. 

Fellows are supported by monthly pay- 
ments, to be fixed by the awarding agency 
on a scale having as a maximum $100 a 
month payments, plus tuition and other 
fees up to a maximum of $500 annually. 

Maximum annual costs, under this plan 
when in full operation with the maximum 
number of students, reach $29 
million. 


would 


Responsibility of Colleges and Universi- 
ties —The Committee emphasizes the re- 
sponsibility of colleges and universities 
enrolling students under this plan to make 
adequate provision for the needs of this 
“ Under 
the central purpose of the plan—to provide 


exceptional group of students. 


scientific training for students of superior 
ability and equal opportunity to all Amer- 
ican youth to qualify in competition for 
such training—educational institutions will 
face the obligation of providing a training 
commensurate intellectually with the 
superior ability of this special group. The 
Committee believes that a program which 
is appropriate for the rank and file of 
college students will not be appropriate for 
these, or other, highly selected individuals.” 

Responsibility of Scholars and Fellows 
to the Nation.—The plan envisioned by the 
Committee is designed in the interests of 
the nation. The beneficiaries under the 
plan would constitute a National Science 
Reserve, with definite and stated obliga- 
Nation for scientific work 
similar to the obligations of the Army 
and Navy Reserves for the kind of work 
for which they are prepared. 


tions to the 
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It is understood that recipients of Schol- 
arships and _ Fellowships indicate by 
acceptance, their full intent to engage pro- 
fessionally in scientific and technological 
work, although they are under no absolute 
obligation to do so. 

However all Scholars and Fellows are 
liable to call in the service of the country 
in times of war or of a national emergency 
at the option of the Federal Government. 
In addition each recipient would pledge 
him-or her-self to render assistance to the 
Government in times of peace, through con- 
sulting services or on advisory committees 
where they may do so without gross inter- 
ference with their professional work. 

Thus the expenditure of funds necessary 
are deemed, by the Committee, to consti- 
tute a sound investment by the Nation even 
if the benefits to the Nation were thought 
of purely in terms of national prepared- 
ness. When the services to the Nation in 
peacetime are also considered it is appar- 
ent that the investment in this prime Na- 
tional resource will offer returns more than 
commensurate with the expenditure. 

One further and important aspect of the 
plan should be reported. In the words of 
the Committee: “It is agreed (by the 
Committee) in respect to the administration 
of the National Science Reserve Scholar- 
ships that while the plan must be national 
in character, the principle of local admin- 
istration must be recognized. The Amer- 
ican scene which looks rather uniform from 
any one place has infinite variety and in- 
tense individuality at close range. This 
must be recognized.” 

Federal Bills Implementing the Report. 
—Two bills have been presented to the 
first session of the 79th Congress to im- 
plement the Bush Committee report. The 
Senate bill was presented by Mr. Mag- 
nuson. The House bill, H.R. 3852, was 
presented by Mr. Mills. Both bills are 
now in committee. As the bills are iden- 
tical the house bill is briefly reviewed here. 

The Mills bill proposes, in the interests 
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of the full development and application of 
the national scientific resources for national 
defense, prosperity, and national health and 
welfare, that there be established in the 
executive branch of the Government, an 
independent agency to be known as the 
National Research Foundation. 

Among other powers and duties of this 
Foundation are (section 2, part (d)) the 
responsibility “to discover and develop 
scientific talent, particularly in American 
youth ;” and, (section 2, part (e)) “to 
grant scholarships and fellowships in the 
mathematical, physical, and biological 
sciences.” 

The Foundation will be administered 
through a board of nine members appointed 
without regard to political affiliation by the 
President. 

Five divisions shall exist within the 
Foundation. These are: A division of 
Medical Research; A division of Physical 
Sciences; A Division of National Defense ; 
A Division of Scientific Personnel and Ed- 
ucation; and A Division of Publications 
and Scientific Collaboration. The Division 
of Medical Research includes the biological 
field. The Division of Scientific Personnel 
and Education would handle programs re- 
lating to the granting of fellowships and 
scholarships in scientific fields. Other di- 
visions may be created as the Board deems 
necessary. 

Section 7 of the bill, part (i) specifically 
authorizes the Board to: “ establish a Na- 
tional Science Reserve, in which shall be 
enrolled all those who receive scholarships 
and fellowships in science and medicine 
from the Foundation.” 

Funds under the bill are authorized to be 
appropriated annually out of any money in 
the Treasury not otherwise appropriated. 

It is of note that the bill provides for 
the full transfer to the Foundation of all 
powers, functions, and duties of the Office 
of Scientific Research and Development and 
its constituent committees. 

This bill is cited as the “ National Re- 
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search Foundation Act of 1945,” Copies 
of the bill are obtainable from the Super- 
intendent of Documents, U. S. Government 
Printing Office, Washington, D.C. Copies 
of the Bush Committee report, Science, 
the Endless Frontier are available from the 
same source at 25c a copy. 

This report, and the Congressional bills 
now pending, are of such clear importance 
to the people of this Nation, and of such 
peculiar significance to the teachers of 
youth who are training them in scientific 
fields, that it would appear a clear respon- 
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sibility for each such science teacher or 
leader in science education to become fully 
informed of the provisions of the report 
and bills and to exercise individual and 
group leadership in supporting and in dis- 
seminating information about these pro- 
visions. America should lead—and must 
not lag behind—other nations in providing 
for the advance of the natural sciences and 
technological developments in the interests 
of peace, security, and general national 
welfare. 
—R. W. B. 


RESEARCH DEPARTMENT 


THE ELEMENTS OF SCIENTIFIC METHOD 


OrEON KEESLAR 


HE purpose of the investigation [1] 
Gatos in this article was to derive a 
comprehensive list of the elements of scien- 
tific method which would be suitable for 
instructional purposes in the secondary 
schools. 


TECH NIQUES 


At the outset of the study no adequately 
validated list of these elements existed, 
although much material relative to the 
scientific method had previously been pub- 
lished. A survey of this literature was 
therefore made in order to locate a wide 
variety of ideas regarding the nature of the 
scientific method. As a. result forty-three 
books and magazine articles were revealed 
to contain analyses of the method in suffi- 
cient detail to warrant their inclusion in the 
list of contributing materials. Each ele- 
ment of scientific method found in these 
sources was recorded upon a card in the 
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exact words of the author or in a para- 
phrase conveying the same meaning. An 
outline 
cluded all the separate elements, or aspects, 
of scientific method found in the sources. 


This outline, bulky and repetitious, was 


was next constructed which in- 


then arbitrarily simplified through elimina- 
tion of insignificant details and consolida- 
tion of many varied expressions of the 
same ideas into single statements. In this 
way a sequence of twelve major steps in 
the scientific method was evolved, organ- 
ized in the order in which these might 
logically be expected to occur in the solu- 
tion of any scientific problem of such a 
The 


final list contained, besides the twelve main 


nature as to involve all twelve steps. 


headings, forty-two sub-items. 


This list was submitted in questionnaire 
form for validation by the expert opinion 
of twenty-two research scientists of the 
University of Michigan staff. The judges 
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were asked to check each item and sub-item 

on the questionnaire as either Essential, 

Desirable but unessential, or Unnecessary 

and not properly an element of scientific 

method. 

As each of the questionnaires was re- 
turned, the values assigned by the judge to 
its various items were tabulated upon a 
chart. Considerable difficulty was at once 
encountered, however, sice many of the 
judges had not consistently followed the 
directions in marking the items. Some had 
marked only the minor elements, leaving 
the major elements unvaluated. Others 
had assigned values after making qualify- 
ing statements or insertions which in some 
cases altered the original meanings of the 
items. Hence for the sake of establishing 
uniformity in the method of tabulating the 
judgmeiits of the evaluators, the following 
rules of policy were arbitrarily set up: 

1. If a major element is unevaluated but all the 
minor or sub-elements under it are given iden- 
tical ratings, the major element shall be con- 
sidered as having the same rating as the 
highest given any sub-element. 

2.1f the wording of an item is changed either 
by rewording or qualification but its original 
idea is not altered, the item is to be tabulated 
as if its original wording were unchanged. 
If the correction or qualification made changes 
the essential meaning of the item, the rating 
assigned to it by the judge shall not be tabu- 
lated, but the criticism of the item implied by 
the suggested change shall be taken into 
account in preparing the final list of the 
elements. 

4. If a part of a questionnaire has been marked 
and the remainder is left blank, those ratings 


in the portion which has been judged shall be 
tabulated. 


When the number of ratings as E. D, or 
U had been totaled for each item in accord- 
ance with the foregoing rules, the per- 
centage of evaluations falling into each 
category was computed by dividing the 
number of ratings in each case by the total 
number of evaluations submitted for that 
item and multiplying the resulting fraction 
by 100, or 
Percentage = 

Number of ratings in category X 100 
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For example, a total of 22 judgments were 
reported upon Item I of the questionnaire, i.e., 
“Being sensitive to a problematic situation, and 
having a desire to solve it.” Of these, 18 were 
E, 2 were D, and 2 were U. Thus 18/22 or 
81.8 per cent of the judges considered Item I 
to be essential in the scientific method, 2/22 or 
9.1 percent considered it desirable but not essen- 
tial, and a like number and percentage rated it 
unnecessary. 


Next, in order to secure a basis for deter- 
mining the relative importance of the ele- 
ments of scientific method listed in the 
questionnaire, the following formula was 
arbitrarily devised and applied to the data: 

2E+D—2U 


Numerical Value = ——— —, 
? 


in which E represents the percentage of judges 
who rated the item as Essential, D the percentage 
of judges who rated it as Desirable, and U the 
percentage of judges who rated is Unnecessary 
in the scientific method. The relative value for 
Item I may be obtained by substituting the per- 
centages stated in the example above thus: 


NumericalValue (2 X 81.8) +9.1— (2 X 9.1) 
of Item I = 
2 
154.5 
2 
=773 


Item I has, therefore, a relative value of + 77.3 
in a scale ranging from — 100 to +100 (the 
two extreme scores which would result from 
unanimous disapproval or rejection of the 
item by the judges and from unanimous dis- 
approval or acceptance of the item by the judges 
respectively. ) 


FINDINGS 


The relative values of the fifty-four 
major and minor elements, as computed by 
means of the formulas described above, 
were found to range from +100 in the 
cases of two of the major elements, to 
+18.5 for one of the minor elements, with 
a median value of +85.7. The two ele- 
ments which the judges unanimously rated 
as essential were: 


VII Carrying out the experiment. with great 
care and accuracy. 

X Drawing a conclusion or arriving at a 

solution to the problem based on an 

honest, unbiased appraisal of the data. 
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The element rated lowest (being held as 
essential by three, desirable by eleven, and 
unnecessary by five judges) was: 


XII-a Attempting to generalize in a tentative 
way from the specific experimental data. 


The median relative value for the fifty-four 
elements was only about fifteen points 
below the highest point in a 200-point scale. 
Furthermore about three-fourths (78 per 
cent) of the elements were given values 
within thirty points of the highest possible 
rating, i.e., above the 170th point on the 
200-point scale. These results seemed to 
indicate that the judges were preponder- 
antly favorable toward the general concep- 
tion of the scientific method as presented in 
the questionnaire. 

In view of these facts it seemed justi- 
fiable (1) to retain as a master list the 
entire fifty-four elements of scientific 
method as presented in the original ques- 
tionnaire, and (2) to prepare an abbrevi- 
ated and simplified list of the elements 
based upon the more important or highly 
evaluated items of the master list, where- 
with to fulfill the purpose for which the 
foregoing research was undertaken. To 
this end twelve minor elements the relative 
values of which were below seventy were 
arbitrarily deleted from the revised list. 
The forty-two items remaining were con- 
densed in wording and reorganized to form 
a final list consisting of ten major and 
seventeen minor elements of scientific 
method. These major and minor elements 
were thoroughly checked for ambiguity of 
expression and errors of omission by three 
specialists in the teaching of science. The 
list thus produced, technical in nature and 
expressed in a vocabulary best suited for 
use at the college or university level, was 
as follows: 

ABBREVIATED List OF THE ELEMENTS OF 
Scuentiric MerHop 
I Sensing a problem and deciding to try to 
find the answer to it. 


I Defining the problem. 
Stating the problem in words. 
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Analyzing the problem into its essential 
factors. 

IiI Studying the situation for all facts and 
clues bearing upon the problem. 

Drawing upon past experiences, both 
personal and those reported in litera- 
ture, for possible explanations or gen- 
eralizations to account for the phe- 
nomena observed. 


IV Making the best tentative explanations or 
hypotheses as to the possible solution of 
the problem, 

Recognizing the assumptions which must 
be made if one goes beyond the known 
facts in formulating a hypothesis. 


V Selecting the most likely hypothesis. 


I Inventing and carefully planning one or 
more experiments to test the hypothesis, 
isolating the experimental factor wherever 
possible by using a control. 

Deciding upon the kinds of evidence 
which should be collected. 

Choosing reliable methods of collecting 
the evidence. 

Refining measuring instruments to the 
degree warranted by the nature of the 
problem. 

Practicing to gain skill in manipulation 
in order to secure accurate results. 


VIL Testing the hypothesis by carrying out the 
experiment with great care and accuracy. 
Preventing as far as possible all uncon- 
trolled variations in the conditions 
which might affect the results. 
Making quantitative measurements of 
experimental results and estimating the 
probable error of such measurements. 
Recording the results, adhering strictly 
to standard definitions and usage of 
scientific terms. 
Organizing the pertinent data so that 
they may be studied and summarized. 
VIIL Running check experiments involving the 
same experimental factor to verify the 
results secured in the original experiment. 
Studying the conditions of the experi- 
ment in order to detect any omissions, 
defects, or errors, particularly those 
errors which might have been intro- 
duced in the experimental results by 
coincidence or chance. 
Recognizing and, if possible, checking 
further the validity of the assumptions 
involved in setting up the experiment. 


IX Drawing a conclusion. 

Arriving at a solution to the problem 
based on an honest, unbiased appraisal 
of the data. 

Suspending judgment when results are 
not conclusive. 

Calling attention in the conclusion to 
those basic assumptions which it has 
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been necessary to maintain throughout 
the procedure. 
X Making inferences based on this conclusion 
when facing new situations in which the 
same factors are operating. 


This more technical list was then re- 
worded item by item in simplified language 
so as to make it readily comprehensible to 
students in the seventh or eighth grade. 
The results of forty-five investigations of 
vocabulary difficulty in textbooks by 
Curtis [2] seem to indicate that the non- 
technical vocabularies should be confined 
largely to the words which occur in the 
first six thousand-word levels of Thorn- 
dike’s list,[3] and that all technical and 
non-technical words introduced which occur 
in thousand-word levels above the sixth in 
Thorndike’s list should be defined in con- 
text. In keeping with these recommenda- 
tions, the abbreviated list was rewritten 
and the simplified version was submitted to 
three experts in the teaching of science and 
further revised until in their unanimous 
opinion it was suitable for use by the pupils 
of the junior high school. 

The ultimate list for which the fore- 
going investigational steps were undertaken 
follows : 


Tue ELEMENTS OF SCIENTIFIC METIIOD FOR 
Hicu-Scuoot STUDENTS 


The Scientific Method is a good way to solve 
many kinds of problems of everyday life. 

The Scientific Method always begins with a 
problem. The problem may be any question for 
which you do not know the answer. For example, 
it might be one of these: 


“What makes my hand so sticky after helping 
to decorate our Christmas tree?” : 

“Should I wear one heavy coat, or two or 
three light ones when I play outdoors in cold 
weather ?” 

“What makes that hammering noise in my 
father’s automobile engine?” 

“Ts it better to fall sideways or backward when 
sliding for second base in a ball game?” 

“What causes people to have colds?” 


How such a problem might be found is illus- 
trated in the following paragraph: 

Suppose that a frying pan with some grease in 
it has been heating upon the kitchen stove. You 
notice that whenever a raw egg ora slice of raw 
potato is dropped into it, the grease pops and 


[Vor. 29, No. 5 


spatters. If any of the hot fat falls upon your 
hand, it burns painfully. You might say to your- 
self, “What makes hot fat spatter that way?” 
This is a problem. It you should then decide to 
try to find out why it does, you would have taken 
the first step in the Scientific method. 

The first step in using the Scientific Method 
is to: 

I. Notice something that makes you think of a 
question that you would like to be able to answer, 
and make up your mind to try to find the answer 
to it. 


Let us see how the other steps of the Scientific 
Method might be used in solving your problem: 

II. Decide exactly what the question or prob- 
lem is, and state it clearly in words. 

In this case it would be: “ What makes hot fat 
spatter when a slice of raw potato is frying 
in it?” 

IIT. Study all the facts and see how they relate 
to the problem. 


In studying the problem, use everything you 
know, not only what you have learned from your 
own experiences, but also what you have learned 
from other people and from books. 

For example, you may believe from what you 
already know, that the popping is really a small 
explosion, and that, therefore, the heating may 
have something to do with what happens. 

Then you notice that whatever causes the spat- 
tering seems to be in the potato itself, because 
the fat does not spatter much, even when very 
hot, until the food touches it. 


IV. Make as many possible answers to the prob- 
lem as you can think of. 

Scientists call this step, “ Making hypotheses.” 

The following possible answers might occur to 
you in this case: 

(1) The heating of the fat makes it spatter. 

(2) Something on the potato, possibly water, 
makes the grease spatter. 

(3) Something in the grease makes it spatter. 


V. Select from these possible answers or 
hypotheses the one you think is most likely to be 
the right one. 


The first answer does not seem probable be- 
cause you have seen pans of fat heated until 
smoking hot without spattering. For the same 
reason, the third answer does not seem probable. 
Therefore, if any of the three is the right answer, 
it seems most likely to be the second one. 

VI. Make up and carefully plan an experiment 
to find out whether the answer you selected is the 
right one. 

In this case you would plan an experiment to 
find out whether the water on the potato causes 
the spattering. 

Plan to do an experiment in two parts when- 
ever possible. 

In this case one part would be to fry a slice 
of potato that has water on it, and the other 
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part would be to fry another slice like the first 
one except that you wipe all the water off it 
before you fry it. 

These two parts of the experiment are exactly 
alike in every way except one, and that is called 
the experimental factor. 

The only difference between your two experi- 
ments is that one slice has water on it and the 
other has not. Water here is the experimental 
factor, because it is the one factor that is different 
in the two parts of the experiment. 

The part of the experiment that does not have 
the experimental factor in it is called the control 
experiment. 

As a control, you will fry some slices of potato 
in hot fat without any water on them. This can 
be done if the slices are carefully dried with a 
towel before being dropped into the grease. 

The part of the experiment which includes 
the experimental factor may be called the true 
experiment. 

As the true experiment, you will fry some 
slices of potato in hot fat with plenty of water 
on them. This can be done if the slices are taken 
directly from a bowl of water and dropped into 
the grease. 

Remember that the experimental factor must be 
the only difference between the true and the 
control experiments. Then any differences in the 
results of the two experiments will be due to 
the experimental factor. 


VIL. Carry out the experiment with great care 
according to the plan. 

Make as careful observations as you can. 
Whenever your answer must be exact, make 
careful measurements of the results if you can. 

When the two experiments are carried out, you 
find that the dry slices only sizzle, while the wet 
slices cause the grease to pop and spatter. 


VIII. Repeat the experiment to see whether you 
get the same results the second time. This second 
experiment is called a CHECK EXPERIMENT. 

Sometimes, instead of repeating the same ex- 
periment, an entirely new experiment using the 
same experimental factor is carried out as a 
check on the results. 

Since water appears to be the cause of the 
spattering, you might take a few drops on your 
fingertips and let them drip into the hot grease, 
to see whether water alone behaves in the same 
way. 

IX. Draw your conclusion. 


Your conclusion should be stated so that it 
indicates whatever your experiments show, and 
only what they show. 

For example, your conclusion might be: “ It is 
the water on the sliced potato that makes the 
hot fat spatter from the pan.” 

X. Use the facts you have thus learned when 
you face a now problem that is similar or related 
to this one. 
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As a result of this experiment, you might 
decide to dry the slices of raw potato upon a 
towel hereafter, before dropping them into the 
pan, in order to avoid so much spattering of the 
grease. 

Perhaps you might carry your investigations 
further by trying to find out whether it is the 
water in other foods, such as raw eggs or meats, 
which causes various cooking fats to spatter. 

It is by using this method over and over again 
that our knowledge of the world about us in- 
creases; and the more we know about the world 
around us, the better we are able to live in it 
and to control it. 


CONCLUSIONS 


In so far as the problem, techniques, 
and findings of this investigation may be 
acceptable, the following conclusion seems 
justified : 

The clements of scientific method are 
definite, distinct from scientific attitudes, 
and known and used by scientists. 

There is a high degree of agreement 
among the research scientists of the Uni- 
versity of Michigan as to what the elements 
of scientific method are. None of the fifty- 
four elements submitted tentatively for 
validation in the questionnaire was rejected 
by the majority of the twenty-two judges. 
The opinion has often been expressed by 
there is no such 
thing as “the scientific method”; yet for 
the twenty-two research 
judged the list of items critically in this 
study, the term does have a_ specialized 


scientific workers that 


scientists who 


meaning which can be expressed in terms 
of general policies and steps of procedure 
in the solving of a problem. This high 
level of agreement encourages the belief 
that the scientific method has been devel- 
oped beyond the stage of subjective inter- 
pretation and is now becoming recognized 
as a definite, tried, and tested procedure 
in problem-solving. 
to assume, therefore, that as soon as effec- 
tive methods and means of teaching the 
elements of scientific method and the scien- 
tific attitudes are found, the high-school 
student’s chances of success in meeting and 
solving everyday problems will be greatly 


It seems justifiable 
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enhanced, and, as a consequence, the func- 
tional importance of science for general 
education will increase inestimably. 
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RECENT BOOKS AND PAMPHLETS 


BOOK REVIEWS 


Mou Forest Ray, AND SCHIFFERES, JUSTUS 
J., Editors. The Autobiography of Science. 
Garden City: Doubleday, Doran and Company, 
Inc., 1945. xxxi+666 p. $4.00. 


The Autobiography of Science is a shrewdly 
edited selection from the writings of scientists 
from Hippocrates and Aristotle to Einstein, 
Heisenberg and Ernest O. Lawrence. As the 
authors say, it “is fundamentally an anthology 
of the key passages from the master works of 
all sciences.” These are arranged chronologically 
by periods, but an attempt has been made to keep 
the biologists together and the physical scientists 
with their fellows in each period. This arrange- 
ment conveys to the reader an impression of the 
continued advance of science and of the manner 
in which each generation builds on the work of 
its predecessors. 


“Good science makes good reading.” Not 
always, as almost any scientific journal will prove. 
But most of The Autobiography of Science is 
excellent reading, because the editors have not 
only been careful to choose passages of impor- 
tance, but they have been scrupulous in searching 
for those of high literary quality. Reading this 
book, one is struck by the fact that the great 
scientists frequently wrote very well indeed and 
have shown themselves, as the editors say, “ amaz- 
ingly adept at communicating their great truths 
to their fellow men.” 


The works of 100 scientists are quoted in this 
volume. Among many other fascinating accounts, 
Einstein gives a popular exposition of the theory 
of relativity, Darwin and Wallace both enunciate 
the theory of natural selection, Pasteur upsets 
the theory of spontaneous generation, J. J. Thom- 
son tells of the discovery of the electron, Coper- 
nicus gives a preliminary outline of the theory 
that the earth moves around the sun. That 
crabbed experimenter, Robert Hooke, expounds 
the law of elasticity on the page before those 
on which the object of Hooke’s dearest envy, 


Isaac Newton, discusses the mathematical prin- 
ciples of natural philosophy. The unfortunate 
Chevalier de Lamarck’s discussion of that moot 
point “ What is a species?” is followed by the 
paper of his triumphant rival, the courtly Baron 
Georges Léopold Chrétien Frédéric Dagobert 
Cuvier, on the Only Two-Legged, Two-Handed 
Animal: Man. Von Humboldt, Lyell, Darwin, 
Wallace, Huxley and Galton follow each other 
in much more harmonious succession. 

This is a book which would be a very good 
one for every teacher of science to own. It is 
a good thing to remind oneself now and then 
that great scientists have frequently described 
their discoveries in language at least as clear 
and frequently much more picturesque as that 
found in text books. 

A valuable feature of The Autobiography of 
Science is the editors’ biographical notes and 
comments on each of the scientists represented. 
In each case the language of the original paper 
is mentioned. English was the language in which 
the largest number of the original papers was 
written, followed by Latin, French, German, 
Greek and Italian in that order, with one each 
originaily written in Danish, Dutch, Hebrew and 
Egyptian hieroglyphics. 

In a book which includes selections from the 
most important and interesting works of Pliny, 
Archimedes, Vitruvius, Galen, Roger Bacon, Da 


Vinci, Paracelsus, Galileo, Vesalius, Harvey, 
Descartes, Pascal, Huygens, Hailey, Linnaeus, 
Black, Priestley, Dalton, Franklin, Malthus, 
Jenner, Faraday, Henry, Joule, Helmholtz, 


William James, Hertz, Willard Gibbs, Roentgen, 
Marie Curie, Becquerel, Soddy, Rutherford, Poin- 
caré, Planck, de Broglie, Maeterlinck, Freud, 
T. H. Morgan and many others in addition to 
those already mentioned here, the editors have 
succeeded in their attempt to provide an insight 
into the characters of the great men and women 
of science and a vivid account of some of their 
greatest achievements. 
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The only disappointment in the whole book 
was finding Schleiden and Schwann still cele- 
brated as the sole founders of the cell theory. 
In future editions some mention of Dutrochet and 
perhaps of other forerunners of Schleiden and 
Schwann should be included. 

—Tuomas G, LAwRENCE 


Pore, Ciirrorp H. Amphibians and Reptiles of 
the Chicago Area. Chicago: Chicago Natural 
History Museum Press, 1944. 275 p. $1.75. 


The author of this book, who is Curator of 
Amphibians and Reptiles at the Chicago Natural 
History Museum, is writing “for those already 
interested in natural history and for individuals 
who derive keen pleasure from constantly becom- 
ing better acquainted with their environment.” 
He has restricted the use of technical terms to 
a minimum, yet has managed to produce identi- 
fication keys that are effective and can be under- 
stood readily by the non-expert. 

The volume is concerned with 52 species of 
amphibians and reptiles distributed as follows: 
salamanders, 10; toads, 2; frogs, ¥; lizards, 3; 
snakes, 18; and turtles, 10. All of these species 
are found in the “ Chicago area,” which includes 
15 counties in Illinois and Indiana, 3 counties in 
Wisconsin, and 1 county in Michigan, and repre- 
sents a transition zone between hardwood forest 
and prairie. Potential usefulness of the book is 
by no means limited to the region cited, for many 
of the species described have rather widespread 
geographical distributions. 


In most instances, the description of a given 
species includes categories devoted.to recognition, 
reproduction, growth and age, habits, food, eco- 
nomic importance, habitat, behavior in captivity, 
and distribution. In addition, the author has in- 
cluded various other categories dealing with 
special structures or behaviorisms, where appro- 
priate. There are 50 text figures (drawings) and 
12 plates, of which 6 are color plates. 

From the standpoint of school instruction this 
interesting manual should prove to be a very 
useful book of reference, especially in connecticen 
with field work. The absence of involved, tcch- 
nical descriptions makes it particularly attractive 
from the secondary school point of view. 

—F. L. Firzparricx 


Smytu, Henry DeWotr. Atomic Energy for 
Military Purposes, The Official Report on the 
Development of the Atomic Bomb under the 
Auspices of the United 
1940-1945. Princeton: 
Press, 1945. 264 p. 


Few books either of fact or fiction provide 
more exciting reading than this famous “ Smyth 
Report” on the development of the atomic bomb. 
The report is chiefly a history of the develop- 
ment on an industrial scale of machinery and 
methods of operation for producing the essential 
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ingredients of atomic bombs. It also sketches the 
more impertant discoveries that led up to the 
harnessing of atomic power and presents the basic 
physics necessary to an understanding of these 
discoveries and the later developments. One of 
the final chapters is devoted to the development 
of the bomb itself. 

While the possibility of converting matter into 
energy has been known of for many years, the 
history of the atomic bomb may be said to date 
from the year 1939 when the phenomena of 
nuclear fission of the uranium atom was hypothe- 
sized and proved. The military potentialities of 
this discovery were immediately realized and 
groups of renowned scientists took it upon them- 
selves to implement this application. They broad- 
ened and speeded up experimentation, provided 
safeguards against undue disclosure of informa- 
tion to other nations, and induced responsible 
political and military leaders to provide large 
scale support for developing the process of nuclear 
fission into a usable military tool. These efforts, 
subsequently under the direct control of the 
Army, finally resulted in the development of two 
general methods for harnessing atomic power. 
One of these processes involves the production 
of a new element, “ Plutonium” (atomic number 
94, atomic weight 239), from uranium. The 
other consists of securing concentrated U235 
(uranium of atomic weight 235) by separating 
it from its more abundant sister isotope, Uogs. 
Energy can be obtained from plutonium and 
Ung; because, when bombarded by neutrons, the 
atoms of each of these substances undergo a 
process of fission or splitting which produces 
atoms of roughly half the original atomic weights. 
The sum of the weights of the products of any 
atom is slightly less than the weight of the 
original atom, the lost weight being converted 
into energy. 

Eyewitness accounts of damage created by 
atomic bombs thoroughly dispel any notion that 
atomic energy is a figment of the scientist's 
imagination. Just how this potential monster can 
be controlled to work for the betterment of 
civilization rather than its destruction remains 
to be seen, but it is a matter that every thinking 
person will be highly conscious of. The Smyth 
report will provide such persons with valuable 
information on the nature of the problems in- 
volved in developing and applying atomic energy. 
While highly informative and technically sound, 
it is very readable and contains little that cannot 
be readily understood by anyone wtih a slight 
amount of scientific training It is to be par- 
ticularly recommended to science teachers and 
their advanced students. 

L. Brewer 


Nosie, Rutu Crossy. The Nature of the Beast. 
New York: Doubleday, Doran Co., 1944. 209 p. 
$2.75. 


Anatomists and physiologists have long pointed 
out analogies and homologies in the animal king- 
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dom. It would seem reasonable that psychological 
resemblances and differences should be correlated 
with resemblances and differences in structure. 
The late Dr. G. Kingsley Noble was instru- 
mental in establishing at the American Museum 
of Natural History a laboratory devoted to the 
study of comparative animal behavior (psy- 
chology). The laboratory was based on the 
belief that an adequate understanding of animal 
behavior could be obtained only if field observa- 
tions were supplemented by observations made 
under carefully controlled experimental condi- 
tions. The setting up of such experiments to 
yield valid conclusions calls for considerable 
imagination and ingenuity. Moreover, it calls 
for close familiarity with the conditions of an 
animal’s natural habitat. Mrs. Noble, apparently, 
had kept in close touch with the work of her 
late husband and of his many associates. It is 
this work that has inspired her to write her 
fascinating book, The Nature of the Beast. The 
fact that the book is not limited to the work 
carried on at the American Museum is evident 
from the one hundred and two items in the 
bibliography to which reference is made in the 
text. 

Learning tests, memory tests, and even certain 
tests of elementary intelligence have been admin- 
istered to earthworms, insects, frogs, fish, cats, 
and monkeys. It would appear that not even the 
use of tools is a distinctly human ‘ability. It 
would appear, too, that animals lower than man 
experience not only instinctive emotions but also 
learned emotions. A host of interesting researches 
are presented dealing with the behavior of social 
aggregates of animals—schocls of fish, colonies 
of birds, herds of mammals, and societies of 
primates. Within each of these “ societies,” the 
individual enjoys (or suffers) a social rank. 
There are bosses among chickens, social climbers 
among fishes, and leaders among monkeys. In- 
deed, even a sense of property is manifested by 
birds, fishes, and mammals. Add to this the 
book’s vivid descriptions of sex recognition, court- 
ship, and parenthood among amphibia, fishes, 
reptiles, birds, and mammals, and one comes away 
with the conviction that, truly, man and human 
society are very much a part of nature, or as 
Mrs. Noble puts it, “In delving into the nature 
of the beasts we shall indeed find much that 
illumines human nature.” But, she cautions, “ We 
must avoid, as our most dangerous pitfall, the 
opposite assumption, that animal behaviour can 
be interpreted in terms of human conduct.” An- 
other word of caution might have been in order: 
that we must avoid rationalizing our own be- 
havior in terms of animal behavior as do those 
who justify war among men as the inevitable 
outcome of their animal nature. 

For the teacher of biology, this book is a 
veritable cornucopia of charming observations 
with which to illustrate units on the nervous 
system, the endocrines, animal reproduction, evo- 
lution, and scientific method. The literary style 
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of the book is elegant, its eight photographic 


illustrations clear and arresting, and its paper 
and print of excellent quality. There is an index. 
For this reviewer, reading Mrs. Noble’s book 
has been an inspiring experience. 

—ZACHARIAH SUBARSKY 


BrincHAM, Marjorie T. Flora of Oakland 
County, Michigan. A Study of Physiographic 
Plant Ecology. Bloomfield Hills, Michigan: 
Cranbrook Institute of Science, 1945. 155 p. 


This publication reports an ecological study 
based upon a plant survey of a region near 
Detroit, Michigan, made in the years 1934 to 
1941. It furnishes source material on plant com- 
munities and suggests a technique for ecological 
study in one’s own locality. To the lay reader 
it conveys in readable style the story of the 
factors and conditions which are at play in the 
world in shaping and determining the botanical 
landscape that makes up a region. 

The greater portion of the publication describes 
and illustrates with well selected photographs the 
various plant habitats of the county and shows 
that a wide diversity of plant communities exist 
in a relatively limited area. In this study which 
included 900 square miles, 26 distinct and sepa- 
rated plant habitats were plotted. These 26 
habitats ranged from lakeshore, swamps and 
marshes, to forest, abandoned fields, and burnt 
over areas. 

Findings of the study also show the correlation 
and dependency of plant communities upon the 
physiographic, climatic and soil conditions of the 
region. Interaction of these various physical fac- 
tors has given rise to a wide diversity of plant 
communities. A vast number of environmental 
conditions of glacial origins are described includ- 
ing remnants of lakes, swamps, basins, moraines, 
and eskers. The environmental factors account 
for the large representation of plant forms. The 
report lists 118 plant families comprising 1610 
species and varieties. 

Included with the publication are two large 


» maps showing land types and surface formations 


of the county. Of special concern to the botanist 

is the scientific nomenclature of the ferns and 

flowering plants listed for the surveyed area. 
—LEoNARD WINIER 


Laporatory Exercises. Biology of Plants, by 
H. O. Dean, Department of Botany, State Uni- 
versity of Iowa, published by Wm. C. Brown 
Co., Dubuque, Iowa (1944). 


This workbook is the outgrowth of work- 
sheets and laboratory projects developed and used 
in the department of Botany at the State Uni- 
versity of Iowa over a period of years. The con- 
tents cover the flowering plant in structure and 
function from the leaf, stem, and root through 
the flower, fruit, and seed. Experiments and 
projects are ample. Drawings are numerous, and 
excellent in detail. 
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After a thorough investigation of the flowering 
plant with its cells, tissues and organs, a survey 
of the plant kingdom from the simplest to the 
most complex plants is made. The closing exer- 
cises—Drug Plants, Economic Plant Geography, 
Plant Ecology, and Landscaping a Small Lot— 
are four areas indicative of the practical trend 
in college botany courses. With the aid of out- 
line maps students are instructed to locate certain 
economic plants common to world areas, and 
others limited to North and South America. 
Plant ecology is studied by the use of field trips 
and laboratory examination of hydrophytes, meso- 
phytes and xerophytes. Students are asked to 
comment upon the interrelation of plant and ani- 
mal ecology, and upon the practical importance 
of bio-ecology. 

Although not presented in the form of labora- 
tory exercises there are included charts and tables 
on Mendelian heredity, plant and animal breed- 
ing, and greenhouse propagation. Keys to the 
classification of common trees, common woods, 
Towa gymnosperms and Iowa ferns are well- 
executed and useful. 

The merit of this laboratory workbook lies in 
its development of scientific thinking, and scien- 
tific skills, and in its application of information 
learned. Too frequently workbooks are lacking 
in these functions. The text is clear and or- 
ganization logical. The botanical field, except 
for conservation of plant resources, is covered 
adequately. 

—Cuarwotre L. GRANT 


Wiuuiams, Lov. “A Dipper Full of Stars.” 
Chicago: Follett, 1944. 168 p. $2.00. 


Children are interested in knowing about the 
stars and constellations of the evening sky. In 
this book, by starting with the Big Dipper which 
is visible at all seasons of the year, the reader 
is able to locate many of the other groups of 
stars. Not only does one learn the scientific facts 
about the heavenly bodies, but also many legends 
have been included in the presentation. 

In answer to the question often asked by the 
children, “ Will the Big Dipper always keep the 
same shape?”, the book includes pictures show- 
ing the Big Dipper as it is today, and how it 
will look 100,000 years from now. There is an 
excellent diagram of the supposed shape of our 
galaxy in cross-section, showing why our sky 
has a Milky Way. The reference to more spe- 
cialized books that the reader may turn to after 
the completion of this study, is commendable. 

This book includes information about meteors, 
comets, planets, tides, eclipses, variable stars and 
novae. Hence, it is one of those books that can 
enrich the experiences of all age-levels, including 
many parents who are interested in learning with 
their children. 

—Dorotuy E. WHEATLEY 
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Encore, T. L. “Psychology.” Yonkers: World 
Book Company, 1945. 549 p. $2.12. 


This is a psychology designed and written for 
high school and junior college students. A recent 
survey in cities of 10,000 or more in 22 western 
and midwestern states showed that more than a 
fifth of those cities were offering a course in 
high school psychology. “ Principles and appli- 
cations” is the subtitle of this treatise. 

The reviewer rates this as the most practical 
account of the theory and principles of psychology 
that he has chanced to see. It is indeed an excel- 
lent book. More of our college courses should be 
along this line. All too often the criticism of the 
college student who has had a course in college 
psychology is that it was too theoretical and not 
much attention was paid to the practical aspects 
of everyday life, his learning processes or how, 
in the case of future teacher, the principles might 
be applied in teaching. 

Teachers, parents, workers with young people 
and laymen as well as youngsters will enjoy and 
profit from reading this challenging and interest- 
ing text. Chapter headings are as follows: 
(1) an introduction to the science of psychology, 
(2) preparing to read psychology, (3) person- 
ality, (4) friendship and love, (5) popularity 
and leadership, (6) intelligence, (7) learning, 
(8) improving learning techniques, (9) heredity- 
environment interaction, (10) the functioning of 
our bodies, (11) getting in touch with our en- 
vironment: the senses, (12) getting in touch with 
our environment: some problems of observation, 
(13) unusual personalities, (14) mental hygiene, 
(15) social problems and attitudes: control and 
guidance, (16) vocational efficiency, and (17) 
concerning several “ mysterious” matters. 


C. 


“The 1945 Catalog of Business-Sponsored Edu- 
cational Materials.” Committee on Consumer 
Relations in Advertising, 420 Lexington Ave., 
New York City. 73 p. $2.00. 

Several types of teaching materials on a variety 
of topics, such as, Building Materials, Drugs and 
Chemicals, Food Products, Glass, Household 
Appliances, Lighting, Machinery and _ Tools, 
Musical Instruments, Textiles, and the like, are 
listed here. Besides the preceding Commodity 
Classification, there is a Descriptive Classifica- 
tion, inciuding General Science, Geography, 
Handicrafts, Health and Hygiene, Nutrition, 
Radio, Safety, etc. 

Each section includes for each item the title, 
a brief description, price—if any, and address of 
source; about 20 items to the page. Pamphlets, 
charts, motion pictures, and similar materials are 
included. Many of them could be used in science 
classes. 
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A Complete Biological Library 


If you could have a complete biological library for only $27.50 a year wouldn't you 
jump at the opportunity? Biological Abstracts contains brief, informative abridgments 
of. all the important biological contributions from some 2,000 journals. It is a complete 
library of the current biological literature under one cover. 

Many of the smaller educational institutions cannot maintain extensive libraries— 
yet it is practically essential in present-day teaching to keep abreast of current literature. 
Text books quickly become outdated. Practically before an edition is off the press, there 
have been recorded in the biological literature—and therefore in Biological Abstracts— 
outstanding advances of which teachers and students should be kept informed. Recently 
a prominent educator said, “Knowledge of what has been and is being done is one of the 
first prerequisites. I know of no way by which this knowledge can be secured as quickly, 
accurately and efficiently as by regular and systematic use of Biological Abstracts.” 

As well as the complete edition at $27.50, Biological Abstracts also is published in eight 
low priced sectional editions covering closely related fields. Write for full information. 
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mal and pathological histology, clinical medicine 
and nursing. We now have some 5,000 subjects 
ready for distribution. Of these there are a 
number of slides that will be of interest to you 
in your teaching, for example those on mitosis, 
cell types and some of the simpler histology 4 : 
yen Made of attractive black plastic with re- 
movable black wood handle. Accommo- 
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BALOPTICONS 


For Immediate Delivery 


Almost any material, black and white or full color can be projected successfully with 
the ERM or LRM projcctors. Every tint and detail appears on the screen exactly as 
in the original, and printed matter reads correctly from left to right. 

These instruments satisfy practically every educational need. They will project photo- 
graphs, postcards, pages or pictures from magazines and books, stamps, coins, maps, 
charts, drawings and the like up to 6 x 634” in area, and even solid objects such 
as geological or botanical specimens, curios, and flat mechanical parts. They have 
even been used to project chemical reactions carried on in small dishes. 

The LRM in addition carries equipment for projecting the standard size lantern slide 
and a special slide carrier is also available to accommodate 2 x 2” Kodachromes. 
Outstanding is the brilliant screen image possible although only a 500 watt lamp 
is used. In the class room this feature is important for it enables use to be made 
of a comparatively light room so students can easily make notes and observe fine 
details wtihout eyestrain. Comfortable operation is assured in both models by a 
built-in cooling fan. 
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